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ABSTRACT 

TRACE ELEMENT SURVEY IN MASSACHUSETTS 

by 

1 2 
Russell A. Isaac and John Delaney 

Early in 1970, world-wide attention was focused on the hazards of mercury 
contamination of the environment. As a result, a state-wide cooperative 
survey was initiated by the Massachusetts Division of Water Pollution Con
trol and the Massachusetts Department of Public Health.* Although the 
emphasis was on mercury, the effort was expanded to include cadmium, lead, 
nickel, chromium, zinc, and arsenic~ 

The survey revealed that mercury in drinking waters was well below the 
then-proposed standard of 0.005 mg/1. However, two shellfish areas that met 
bacterial standards contained clams with mercury concentrations in excess of 
the Food and Drug Administration interim guideline of 0.5 ppm. These areas 
were immediately closed. In each case, proximity to boatyards which employed 
mercury-based anti-foulant paints appeared to be the reason for contamination. 

Numerous sediment and wastewater treatment plant sludges were analyzed. 
Although the significance of trace element concentrations in these materials 
is vague, samples exceeding the normal range of values are candidates for 
further investigation. Median values in sludges ranged from 11 mg/kg for 
cadmium to 1,140 mg/kg for zinc. Both values are based on dry weight which 
was calculated from percentage moisture. Sediment samples from two river 
systems revealed that zinc was the most abundant element, while lead was 
relatively more abundant when compared to average values in surficial material 
examined in a nationwide survey by the Unites States Geological Survey. 

Although the results of the survey are not conclusive, they do provide a 
criterion for judging the relative quality of sediments and sludges with 
respect to those analyses conducted. The results also indicate that the 
trace element content of sewage sludges should be considered when any method 
of disposal is evaluated. 

1. Principal Sanitary Engineer, Massachusetts Division of Water Pollution 
Control. 

2. Chief, Lawrence Experiment Station, Massachusetts Division of Environ
mental Health. 

* Now Massachusetts Division of Environmental Health. 
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FOREWORD 

This is the second and final progress report on the Toxic Element Survey 
conducted jointly by the Massachusetts Division of Water Pollution Control 
and the Lawrence Experiment Station, Massachusetts Division of Environmental 
Health. The significance of element concentrations in sediments and sludge 
remains an open question. Unless remobilization is a problem (such as in 
the case of mercury), the impact of high concentrations of elements in 
sediments is not defined. The current approach is to investigate potential 
sources of metals if sediment concentrations are anomalously high. 

Approximately 1,500 samples were collected under this effort, of which an 
estimated 300 are included in this report. The data reported should pro
vide a reference framework for comparing toxic element concentrations in 
sediment and sewage sludges. 
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TOXIC ELEMENT SURVEY 

I. BACKGROUND 

Although enormous quantities of proven toxic metals have been consumed by the 
United States economy, there is a remarkable absence of information on the 
final disposition of these elements at specific points in the environment. 
A classic example of this lack of information was clearly evident in 1969 when 
the environmental presence of mercury became a public health concern. Since 
the turn of the c1ntury, over 80,000 tons of mercury have been consumed in 
the United States ; and until the full implication of mercury pollution was 
realized, the distribution and accumulation of mercury in the environment 
received practically no attention. An inventory of mercury and mercury com
pounds produced ~uring 1945 to 1958 showed a discrepancy of almost 12,000 
tons of mercury. This unaccounted mercury must be scattered in the environ
ment. 

There is good reason to believe that other equally potentially dangerous 
metals such as cadmium, selenium, chromium, lead, etc., have been wantonly 
disposed of in the environment. These elements, because of their unique 
chemical properties, have been employed for a variety of expanding purposes 
by industry; and due to the dispersal practices used by these industries, 
it is practically certain that concentrations of these toxic metals like
wise have accumulated in the environment. 

Early in 1970, world-wide attention was focused on the hazards of mercury 
contamination of the environment. The Massachusetts Division of Water Pollu
tion Control became intimately involved in this problem when the Food and 
Drug Administration revealed that shellfish harvested from the Taunton River 
contained mercury concentrations close to the 0.5 ppm guideline established 
for seafoods. The Deparement of Natural Resources and the Department of 
Public Health pooled their capabilities and undertook a comprehensive pro
gram to evaluate the levels of mercury in environmental locations in 
Massachusetts. The intensive survey included examinations of: 

I. Drinking water supplies 
II. Shellfish harvesting areas 

III. Industrial wastewaters 
IV. River and estuarine waters and sediments 
V. Sewage treatment digestors 

The evaluation of the mercury levels present in the drinking waters of the 
Commonwealth was the first concern of this cooperative effort. In this 
phase of the surveillance program, over 200 municipal water supplies were 
examined and found to contain mercury levels well below the U.S. Public 
Health Service proposed standard of 0.005 mg/1, which has now been reduced 
to 0.002 mg/1. The majority of drinking waters possessed less than 0.0002 
mg/1 mercury, and no water sample showed mercury concentrations higher than 
0.0004 mg/1. These results clearly showed that no mercury problem existed in 
the public water supplies of Massachusetts. 

The ability of aquatic life to concentrate mercury from its aquatic environ-

7 



ment directed the Division of Environmental Health's attention to the mer
cury levels in shellfish. In this program, shellfish areas yielding over 
98% of the marketable production in the State were sampled and analyzed 
for their mercury levels. Two areas open to the taking of shellfish were 
found to contain levels of mercury in the shellfish in excess of the Federal 
Food and Drug Administration interim guidelines of 0.5 mg/kg. These areas 
are now closed. Subsequent investigation indicated that the use of mer
curial anti-fouling paints on the hulls of boats was the source of the 
contamination. 

One area of fresh water was recently found to contain some fish which exceed 
the recommended standard, and this is being fully investigated. The Division 
of Fisheries and Game is continuing its own freshwater fish sampling pro 3ram 
to evaluate the mercury problem, and they have issued a progress report. 
This effort is being augmented and expanded by the project described herein. 

A survey of Massachusetts industries uncovered six active sources of 
mercury pollution. Two of these industries stopped using mercury as of 
January 1, 1971, and the other plants achieved a 90% reduction within six 
months. Sludge samples from sewage treatment plants were analyzed for 
mercury and other trace metals to determine the amounts of metals being 
discharged to sewers and to locate systems in which further action and/or 
investigation might be needed. Prior studies have verified that metals 
concentrate in sludge, and our investigation confirmed this relationship. 

While these data were being collected, a meeting involving the Division of 
Water Pollution Control, Division of Environmental Health, and Division of 
Fisheries and Game resulted in a proposal to carry out a two-year, in-depth 
survey of various toxic elements in fish, shellfish, sediments, and water of 
the Commonwealth. Since the program was too ambitious to be conducted with 
regular budget funds, the Massachusetts Division of Water Pollution Control, 
under the authority conferred by Section 38 of the Massachusetts Clean Waters 
Act, requested that $67,500 of Research and Demonstration Bond Fund money 
be approved for the proposed project. Funds were approved and the joint 
sampling program was undertaken. Two laboratory personnel were hired to 
actually prepare and analyze the samples, and an additional atomic absorp
tion unit (Perkin-Elmer model 403) was purchased. Analyses were conducted 
at the Lawrence Experiment Station, Division of Environmental Health. 

Staff members of the Lawrence Experiment Station aided in the processing 
of the samples, and the laboratory aspects of the project were under the 
immediate supervision of the Director of Research, Lawrence Experiment 
Station. The Division of Water Pollution Control was responsible for 
collecting and delivering samples. Additional samples were provided by the 
Massachusetts Division of Fisheries and Game, Division of Environmental 
Health, the United States Geological Survey, Division of Marine Fisheries, 
the Woods Hole Oceanographic Institution, and the Marine Biological Labora
tory in Woods Hole. 

In the period from February 1971 to January 1974, over 1,500 samples were 
analyzed for: 

8 



Arsenic (As) 
Cadmium (Cd) 
Chromium (Cr) 
Copper (Cu) 

Volatile Solids 

II. PROCEDURES 

Lead (Pb) 
Mercury (Hg) 
Nickel (Ni) 
Zinc (Zn) 

A. Determination of Trace Metals in Shellfish 

1, Preparation of Samples 

A sampling of six animals is usually taken to determine the concentra
tions of trace metals in quahogs, oysters, and soft shell clams. Prior 
to shucking, the animals are placed in tap water and scrubbed with a 
stiff bristle brush to remove any surface dirt. The animals are then 
allowed to drain on paper towels. 

All the animals from a specific sampling are shucked and the shellfish 
meats and shell liquor placed in a porcelain dish. Immediately following 
this operation, the shucked meats and liquor are poured upon a plastic 
sieve with openings of approximately 2 mm and the meats are spread over 
the sieve to insure efficient drainage. An oyster sample is allowed to 
drain for five minutes, while quahog and soft shell clam samples are allowed 
to drain for two minutes. The drained shellfish meats are then placed 
in a Waring blender and the sample homogenized to a uniform color and 
consistency. 

2. Concentration of Mercury in Homogenate 

Five grams of homogenated sample are placed into a clean BOD bottle, 
10 milliliters of concentrated sulfuric and 10 milliliters of concen
trated nitric acid are added, and the sample is allowed to digest over
night at room temperature. The sample is considered completely digested 
when the solution becomes highly colored with no pieces of undissolved 
matter, although the solution may be slightly cloudy, Sufficient 
potassium permanganate solution (4%) is added to the digested sample to 
maintain a purple color in the mixture for at least thirty minutes. 
Distilled-demineralized water is added to the oxidized sample to estab
lish a 250 ml volume. A fifty milliliter aliquot sample is transferred 
to the aeration flask of the flameless atomic absorption apparatus and 
the excess permanganate is reduced by the addition of 2 ml of a sodium 
chloride-hydroxylamine sulfate solution (12% of each salt). Five milli
liters of a stannous sulfate (10% in 0.5 N sulfuric acid) suspension 
are added and the flask is immediately attached to the aeration train 
forming a closed system, The circulating pump, which has previously been 
adjusted to a rate of 1 liter per minute, aerates the samples and vola
tizes the mercury as a vapor throughout the enclosed train. The mercury 
vapor passes through a cell positioned in the light path of the atomic 
absorption spectrophotometer. Absorbance (peak height) is measured as 
a function of mercury concentration. The micrograms of mercury are 
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detennined from the absorption behavior of standard solutions processed 
in the same manner, Since the fifty milliliter aliquot sample actually 
contains one gram of the original homogenate sample, the microgram per 
fifty milliliter aliquot sample is synonomous to the milligrams of 
mercury per kilogram of drained wet weight (ppm), 

3. Concentrations of Trace Metals (Cd, Pb, Zn, Cu, Cr, and Ni) in 
Homogenate 

Ten grams of a homogenated sample are placed in a porcelain evaporating 
dish, five milliliters of concentrated nitric acid and approximately 
100 ml of distilled-demineralized water are added, and the sample is 
digested to dryness on a steam bath. This digestion process is repeated 
twice more. Following digestion, the residue is wetted with 2 m of 
concentrated nitric acid and is quantitatively transferred with the 
aid of distilled-demineralized water and a rubber policeman through a 
Watman No. 42 filter into a 100 ml Nessler tube and diluted to the mark 
with distilled-demineralized water, The acid extract is transferred to 
a clean, plastic screw-top bottle and labelled as to sample number and 
metal analyses to be performed. The diluted sample, along with an acid 
blank, is analyzed by atomic absorption spectrophotometry using a 
Perkin-Elmer Model 403. The milligrams of metal per kilogram of drained 
wet tissue (ppm) are calculated by multiplying the micrograms per 
milliliter found in the 100 ml acid extract by 10. 

B. Determination of Trace Metals and Volatile Solids in Sediment Samples 

1. Preparation of Samples 

Sediment and core samples are transferred to large evaporating dishes 
and dried at a low temperature in a hot air oven. The sample is then 
pulverized and shaken on a No, 30 sieve. All components of the sample 
that fail to pass this sieve, such as stones, twigs, leaves, etc., are 
discharged. A representative sample of the material passing the sieve 
is taken for the following analyses. 

2. Concentration of Mercury in Sediment Samples 

Five grams of the sample passing the No. 30 sieve are processed in the 
same manner as the shellfish homogenate, (Refer to Section A-2) 

3, Concentration of Cd, Pb, Zn, Cu, Cr, and Ni in Sediment Samples 

Ten grams of the sample passing the No, 30 sieve are processed in the 
same manner as the shellfish homogenate. (Refer to Section A-3) 

4. Concentration of Arsenic in Sediment Samples 

An appropriate sample is weighed and placed into the generator bottle 
of the Gutzeit apparatus, 50 milliliters of distilled-demineralized 
water, 5 ml of concentrated hydrochloric acid, 2 ml of potassium iodide 
(15%), and 0.5 ml of an acidified stannous chloride solution are added 
successively, with thorough mixing after each addition. The mixture is 
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allowed to stand for 15 minutes to effect the reduction of arsenic to 
the trivalent state. 

Three grams of zinc are added to the generator bottle and the scrubber
absorber assembly is attached immediately. The scrubber section contains 
glass wool impregnated with lead acetate solution and 5,0 milliliters of 
silver dithiocarbamate are present in the absorber tube. The arsine 
liberated from the sample reacts with the silver salt, forming a soluble 
red complex which is suitable for photometric measurement. 

5. Concentration of Volatile Solids in Sediment Samples 

Two to three grams of sample passing the No. 30 sieve are transferred 
to a tarred aluminum dish and weighed to the nearest tenth of a gram on 
an analytical balance. The sample is ignited in a muffle furnace at 
5S0°C to constant weight. The percent of volatile solids is calculated 
from the loss on ignition, 

C. Determination of Trace Metals and Volatile Solids in Sludges 

1. Preparation of Samples 

Sludge samples were well mixed to provide for representative sampling. 
No further preparation was performed on sludges. 

2. Mercury Concentration in Sludge Samples 

Five grams of sludge were processed in the same manner as the shellfish 
homogenate (see Section A-2). 

3. Toxic Metals Concentration in Sludge Samples 

Ten grams of sludge were processed in the same manner as the shellfish 
homogenate (see Section A-2). 

4. Arsenic Concentration in Sludge Samples 

Sludge samples were processed in the same manner as sediment samples 
(see Section B-4). 

5. Volatile Solids Concentration in Sludge Samples 

Sludge samples were processed in the same manner as sediment samples 
(see Section B-5). 

III. RESULTS 

Although statistical analysis of all the data has not been undertaken, the 
shellfish data has been analyzed and general conclusions on the other samples 
can still be made. 
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A. Shellfish 

The ability of shellfish to accumulate detectable concentrations of heavy 
metals from their environment has been well documented in both domestic and 
foreign literature. In 1969, a program was initiated by the Federal Food 
and Drug Administration to collect data on the various metals found in 
shellfish from representative areas on the Atlantic, Pacific, and Gulf 
Coasts of the United States. The following conclusions were drawn from 
the data that were collected: 1) The concentrations of metals in shell
fish depend upon the concentrations available in the marine environment. 
2) The levels of heavy metals in shellfish varied from area to area 
within the same species. The levels of metals in oysters in the North
east were generally greater than in Southern Oysters of the same specie. 
3) The levels of the same metal varied from specie to specie. The level 
of zinc found in the Northern Oyster was over 1,000 mg/kg wet weight, 
while the quahog showed 40 mg/kg and the surf clam showed 15 mg/kg. A 
system of comparison is desirable and has been evolving based upon the 
above conclusions. It was initially considered reasonable to establish 
separate alert levels for each metal, rather than one level for a 
combination of metals. The alert level concept was developed to be 
used as a guide or indicator of metal pollution in shellfish-growing 
waters and was not intended to reflect the toxicity of metals contained 
in shellfish. They were proposed expressly for the sole purpose of 
acting as indicators of any change in the concentration of trace metals 
in growing waters. The alert levels established for each trace metal in 
each shellfish specie are based on the mean of the data collected during 
the Federal survey plus one standard deviation. 

The alert levels for trace metals in shellfish harvested from various 
sections of the United States were proposed at the 7th National Shell
fish Workshop held in Washington, D.C., in 1971. The delegates to this 
voted against the proposal and postponed action on establishing alert 
levels for trace metals in shellfish until the next scheduled Workshop 
in 1973 and, in effect, modified the approach significantly as discussed 
later. The alert levels that were proposed by the Food and Drug Admini
stration for shellfish species harvested from waters in the Northeastern 
section of the U.S. are presented in Table I. 

Mercury (ppm) 
Cadmium (ppm) 
Lead (ppm) 
Zinc (ppm) 
Chromium (ppm) 
Copper (ppm) 

TABLE I 

PROPOSED ALERT LEVELS FOR TRACE METALS 

,IN SHELLFISH FROM THE NORTHEAST 

Oyster Quahog 

0.2 0.2 
3.5 0.5 
2.0 4.0 

2,000.0 65.0 
2.0 1.0 

175. 0 10.0 
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Soft Shell 

0.2 
0.5 
5.0 

30.0 
5.0 

25.0 



A program was established within th:!.s Toxic Metal Survey to investi-
gate the trace metal concentrations present in the shellfish species 
harvested from Massachusetts coastal waters. The samples of shellfish 
were collected by field personnel of the Division of Environmental Health. 
The results obtained from a statistical evaluation of these preliminary 
findings, presented in Table II, indicate that many of the alert levels 
were exceeded for the groups tested. 

TABLE II 

ANALYSES OF SHELLFISH FROM MASSACHUSETTS WATERS 

OYSTER (!1=4) QUAHOG (n 2 l8) SOFT SHELL (n=30) 
MEAN STD. DEV, MEAN STD. DEV. MEAN STD. DEV, 

Mercury (ppm) 0.30 0.21 0.31 1.06 

Cadmium (ppm) 0.78 0.48 0.26 0.31 0.30 0.33 

Lead (ppm) 0.29 0. 13 1.9 1.2 5. 45 8.09 

Zinc (ppm) 74 7. 449. 29. 11. 34.3 20.7 

Chromium (ppm) 0.08 0.13 1.2 0.89 1.96 0.77 

Copper (ppm) 1. 31 0.92 7.2 4.3 28.8 18.5 

Nickel (ppm) 0.70 0.29 2.2 o. 75 3.7 4.7 

However, at the 8th National Shellfish Workshop in 1974, the terminology 
and concept were modified. It was then decided that each shellfish area 
should be regarded separately, and that an Environmental Index Level be 
established for each such area. The EIL would represent a baseline for 
comparison and would be the average value obtained from the statistical 
evaluation of data from one or more approved growing areas, as a function 
of salinity. Therefore, each area would be compared internally as time 
went on. Increases above baseline would then be investigated. EIL's 
could be determined for any chemicals desired. The proposal, as adopted, 
is as follows: 

PROPOSAL NO. l - ENVIRONMENTAL INDEX LEVEL (EIL) 

An Environmental Index Level (EIL) is the average value of a specific 
chemical found in the best indicator species of commercial mollusks in 
an approved harvesting/growing area based on available data determined 
by accepted analytical methodology. 

It is proposed that the concept of the Environmental Index Level be 
adopted as the method of classifying levels of chemicals in clams, 
mussels, and oysters .found at the present time from natural, industrial, 
and/or other man-made sources. The purpose of the Environmental Index 
Level will be to provide food control, water pollution, and conservation 
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agencies information and data for the purpose of: 

1. Indicating the degree to which an estuary and other types of shell
fish-growing areas may be concentrating a chemical constituent. 

2. Using the data as a baseline to indicate further chemical concentra
tion or, conversely, to indicate any decrease in the level of a 
particular area. 

3, Indicating need for prevention and abatement actions concerning 
possible chemical pollution sources. 

4. Encouraging states and other agencies to monitor their waters and to 
develop other monitoring systems where needed. 

The interpretation of the significant ph~ases in the definition as agreed 
by the Task Force is: 

Average Value: Would be the average value obtained from the evaluation of 
data from one or more approved harvesting/growing areas, as a function of 
salinity. 

Best Indicator of Commercial Molluscs: The level will be based on the 
level found in that organism which concentrates the chemical at the 
highest rate. In most cases, if both clams and oysters are grown, it will 
be the oyster. Thus, if more than one species iA found in a harvesting/ 
growing area, the species having the higher level of the chemical will be 
used for the Environmental Index Level for that particular harvesting/ 
growing area, 

Molluscs: Refers to marine species of clams, mussels, and oysters that 
are commercially harvested. 

Harvesting/Growing Areas: 
to be open for commercial 

Applies only to those areas which are permitted 
harvesting of clams, mussels, and oysters. 

Available Data: Data collected from Canadian, Federal, and State agencies 
from 1969 on, and which will be reviewed periodically by the Chemistry 
Task Force. 

Accept~d Analytical Methodology: Refers to those 
used for the detection of chemicals in shellfish, 
and proven to be reliable and reproducible. 

analytical 
which have 

..• 
methods 
been tried 

It was also proposed" ... that the individual State and Canadian agencies 
submit Environmental Index Levels for cadmium, copper, lead, and zinc 
for oysters and clams harvested in their individual approved growing 
areas.'' 

The proceedings of the most recent workshop have not yet been published, 
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B. Sewage Sludges 

Perhaps what was most striking initially were the high concentrations 
of elements in both sewage sludges and stream sediments. 

The first data to be received were that on the sludges at treatment 
plants. Twenty-two treatment plants were sampled either one, two, or 
three times. The values varied widely (generally by one to three orders 
of magnitude), not only between plants but also among samples taken at 
the same plant (Table IV). 

Percent frequency (based on a total of 54 analyses) were plotted for 
cadmium, mercury; nickel, and lead. The medians (graphical) ranged 
from 9.5 mg/kg for mercury to 425 mg/kg for lead on a dry weight basis 
(Table III). 

TABLE III 

MEDIAN AND NINETY PERCENTILE VALUES FOR 

Cd, Hg, Ni, and Pb IN FIFTY-FOUR SEWAGE SLUDGES 

ELEMENT 

Cd 
Hg 
Ni 
Pb 

ELEMENT 

,Hg 

Cd 

Pb 

Zn 

Cu 

MEDIAN 

12 mg/kg 
9.5 

22 
425 

TABLE IV 

10% of SAMPLES EXCEEDED 

45 mg/kg 
43 

100 
1,200 

ELEMENT CONCENTRATIONS IN SEWAGE SLUDGES 

MAXIMUM, MINIMUM - mg/kg DRY WEIGHT BASIS 

NUMBER OF TOTAL RANGE GREATEST RANGE AMONG 
TIMES PRESENT OF ALL SAMPLES SAMPLES TAKEN FROM SAME PLANT 

54 1,130. 1,130.0 
1. 65 1. 65 

54 182. 182. 
2.22 3.57 

54 20,000. 20,000. 
3. 17 6.95 

54 10,500. 10,500. 
144.5 91. 

54 5,950. 3,920. 
5.26 10.5 
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TABLE IV (Continued) 

NUMBER OF TOTAL RANGE 
ELEMENT TIMES PRESENT OF ALL SAMPLES 

GREATEST RANGE AMONG 
SAMPLES TAKEN FROM SAME PLANT 

Ni 54 

Cr 54 

As 1 

Ag 54 

75,000. 
1.52 

1,850, 
17.35 

1.98 
0.0 

1,375. 
10. 7 

75,000. 
6.95 

1,340. 
62.5 

1.98 
o.o 

1,375. 
27.75 

*Based on a total of 54 analyses from 22 different plants. Two or three 
samples were collected from all but two plants, from which one sample 
each was analyzed. 

Data from an additional set of 72 samples were added to the original 
54 for cadmium, nickel, lead, and mercury. Frequency graphs for cadmium, 
nickel, and mercury are shown in Figure 1. The frequency for lead, 
chromium, copper, and zinc are plotted in Figure 2. 

The medians (graphical) are presented below (Table V): 

TABLE V 

MEDIAN CONCENTRATIONS OF TRACE METALS IN SEWAGE SLUDGES 

MEDIAN 
NO. OF ANALYSES (mg/kg dry weight) 

Cadmium 126 11 
Lead 126 380 
Mercury 126 12. 5 
Nickel 126 26 
Chromium 72 140 
Copper 72 780 
Zinc 72 1,140 

The graphs indicate that, in each case, the median value appeared early 
in the arrays, thus indicating that all are positively skewed, 

The data from the second series of sampling (n=72) were analyzed on a 
plant-by-plant basis for the median (determined by listing the data and 
selecting the median) and mean of each element at each plant. One plant 
was not included because there were only two samples taken from it. 
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Table VI depicts the data from a minimum of five to a maximum of eleven 
samples at each plant. In some cases, samples were taken at the same· 
time but at different depths in the digester. 

TABLE VI 

RANGE OF MEDIAN AND MEAN VALUES FOR DIGESTED SEWAGE SLUDGES 

RANGES OF MEDIANS* MEANS* 

Cd 2.5 - 50.l 2.6 - 49.3 
Cr 19. 1 - 2,500. 22.8 - 2,320. 
Cu 191. - 6,360. 165. - 7,650. 
Pb 189. - 1,160. 181. - 1,330. 
Hg 4. 7 - 25.4 5.2 - 23.1 
Ni 13.2 - 1,750. 14.3 - 1,950. 
Zn 413. - 2,450. 689. - 2,510 

*mg/kg dry weight based on a total of 72 samples. 

Four elements (Cu, Pb, Ni, Hg) have maximum medians and four elements 
(Gu, Pb, Ni, Zn) have maximum means at Attleboro, as shown in Table VII. 
This is not unexpected since Attleboro has many metal finishing companies 
which discharge to the municipal sewer system. 

Unpublished data from the Deer Island treatment plant indicate that 
nearly all of the elements are associated with the suspended solids. 
The treatment plants sampled are a cross-section of the larger cities 
and towns in Massachusetts, so it is expected that concentration of 
metals in primary, secondary, and digested sludges from other plants 
would be similar. 

It is evident that many treatment plants have high concentrations of 
elements. The fate of such elements must be considered in sludge disposal. 

TABLE VII 

SEWAGE SLUDGES 

HIGHEST MEAN AND MEDIAN VALUES 

ELEMENT MEAN TOWN* - N** MEDIAN TOWN* - N** 

Cadmium 49. 3 (9) 10 50.l (9) 10 
Chromium 2,320 (3) 5 2,500 (3) 5 
Copper 7,650 (2) 5 6,360 (2) 5 
Lead 1,330 (2) 5 1,160 (2) 5 
Mercury 23. 1 (5) 7 25.4 (2) 5 
Nickel 1,950 (2) 5 1, 750 (2) 5 
Zinc 2,510 (2) 5 2,450 (4) 6 

Town*: (2) Attleboro; (3) Brockton; (4) Chicopee; (5) Greenfield; 
(6) Pittsfield. 

N** - Number of samples. 
17 
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C. Sediment 

1. Grab 

Sediment samples from both the fresh and salt water domains of the Common
wealth have been analyzed (Figure 3). The maximum, median, and minimum 
values for the eight elements are presented in Table VIII. 

Qualitatively, the water bodies from which sediment samples were taken 
can be divided into four categories based on the volume and strength of 
the mainly organic discharges to and the assimilative capacity of the 
receiving waters. 

1. Heavily Polluted 
a. Blackstone River 
b. Westfield River (Stations 1-5, 6) 
c. Deerfield River (Stations 1,2,6,7,17) 

2. Moderately polluted 
a. North River 
b. Westfield River (Station 6) 
c. Deerfield River (Station 5) 

3. Lightly Polluted 
a. Boston Harbor (outer) 
b. Quinsigamond River 
c. Westfield River (Stations 8 & 9) 
d. Deerfield River (Stations 3 & 12) 

4. Relatively Clean 
a. South River 
b. Lake Quinsigamond 
c. Massachusetts Bay 
d. Westfield River (Stations 6, 10-22) 
e. Deerfield River (Stations 4, 8-11, 13-16, 18-21) 

For purposes of comparison, data on identical elements in surficial 
material analyzed by the U.S. Geological Survey 5 are given. The samples 
were analyzed on the basis of material that was retained on a 20 mesh 
sieve. Tests were conducted semiquantitatively by spectrographic analy
sis, except for zinc, for which a colormetric method was employed. These 
plus additional samples were later analyzed for mercury 6 , using an atomic 
absorption method developed by Vaughn and McCarthy 7. Also inclgdgd are 
two sets of data on the element concentration in crustal rocks. ' 
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TABLE VIII 

CONCENTRATION OF ELEMENTS IN SEDIMENTS
1 

MAXIMUM, MEDIAN AND MINIMUM 

LAKE 
BLACKSTONE NORTH SOUTH BOSTON QUINSIGAMOND QUINSIGAMOND 

ELEMENT RIVER RIVER RIVER HARBOR RIVER (GRAB) 

Mercury 6.40 5.5 0.07 3.2 o.34 7.0 
1.80 .33 .04 1.6 .24 0.46 
0.52 0.04 0.03 o.64 0.21 0.44 

Cadmium 150.0 5.5 0.3 7.5 0.6 5.5 
17 .o 0.9 .2 0.9 ,30 2.9 

2.8 o.o o.o o.oo 0.3 0.9 

Lead 980. 300. 50. 200. 120. 400, 
200. 50. 18. 58. 45. 265. 
57. 2.0 10. 7.2 16. 130. 

Zinc 4000. 985. 17. 350. 92, 730. 
480, 57. 16. 94. 47. 410, 
88. 9.0 11. 11. 28. 130. 

Nickel 320. 32, 4.2 36. 64. 48, 
68. 8.1 3.6 18. 16. 46. 
16. 2.3 3.3 10. 5.5 23. 

Copper 1850. 635, 8.4 180. 21. 180. 
320. 15. 6.0 57. 13. 94. 

50. 1.8 5,8 18. 5.5 46, 

Chromium 900. 363, 7.5 250. 40. 73. 
130. 9.8 6.2 65. 16. 34. 

34. 6,0 4.9 25. 6 .7 21. 

Arsenic 20. 4.4 0.4 6,Q>\"A' 9.0 94. 
3,0 .8 0.2 2,7 4.2 37. 
0 .7 o.o o.o 2.2 1.6 25. 

No, of 
Samples 13 12 3 18 6 4 

-

* Mean Values 

** Based on six samples 
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TABLE Vlll (CONTINUED) 

LAKE SURFICIAL SURFICIAL 
QUINSIGAMOND BOSTON MASSACHUSETTS MATERIA~ MATERIAL CRUSTAL CRUSTAL 

ELEMENT {CORE} 2 HARBOR BAY U.S.A. u.s.A. 3 ROCKS4 ROCKS5 

Mercury 0.62 4.0 1.0 4.6 0.2 
6 

0,38 .95 0.28 .11* .6 0,5 0.08 
0.23 .02 0.18 .01 .06 

Cadmium 2,8 7.6 2.0 
2.2 2.9 0.1 0,2 0.2 
1.7 0.1 o.oo 

Lead 250. 430. 44. 700. 17 .5 
225, 130, 12. 20.* 16. 12.5 
150. 24. 1.0 10. 12.5 

Zinc 380, 650. 100. 2000. 370. 
250. 230. 28. 54.* 65. 70. 
190. 29. 8.0 25, 31. 

Nickel 46. 51. 22. 700. 85. 
37. 33. 18. 20.* 80. 75. 
27. 5.2 1.8 45. 12.5 

Copper 88. 460. 52,0 300. 
66. 124. 9.0 25.* 45. 55. 
54. 8,6 9.0 1. 

Chromium 70. 310. 200. 570. 85. 
25. 130. 16. 53.* 200. 100. 
24. 7 .1 6,8 1. 22.5 

Arsenic 64. 6,2 
38. 3.0 2, 1.81 
12,2 1.4 

No. of 
Samples 4 12 9 863 4 

* Mean Values 
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NOTES ON TABLE VIII 

1. mg/kg (ppm) dry weight basis on material passing a 30 mesh sieve. 

2. First 3-inch portion of each core. 

3. See reference 5 for elements other than mercury, and reference 7 for 
mercury. 

4. See reference 8. 

5. See reference 9. 

6. -- indicates data were not available or measured. 
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The Westfield and Deerfield River data are presented separately in 
Figures 4 and 6, which depict the values of any element occurring in 
concentrations.> 1 mg/kg at each station. Stations are located in Figures 
5 and 7 on the Westfield River. 

Mercury never exceeded 0.3 mg/kg and, therefore, does not appear on the 
plot. The other elements were ranked at each station according to their 
relative abundance. Zinc was the most abundant element in 20 of the 22 
samples and the second most abundant in the other two samples. The 
relative order of concentrations is illustrated in Table IX. 

The numbers within Table IX are the number of samples in which a given 
element occupied the designated rank. If two elements had the same con
centration and were, for example, at the third rank for a given sample, 
each was counted as occurring at rank 3 but the next most abundant element 
was counted at rank 5. 

A similar analysis was done for data collected on sediments from the 
Deerfield River Basin. In general, the concentrations of the various 
elements were similar and, as on the Westfield, mercury concentrations 
did not exceed 1 mg/kg (maximum was actually 0.54 mg/kg) at any station 
and therefore do not appear in Figure 4. However, at some locations, 
three samples, along the river's cross section, were taken and analyzed. 
The results were averaged for presentation on a station-by-station basis. 
At station number 19, one of the three samples had a mercury concentration 
of 1.25 mg/kg as well as higher concentrations of cadmium, lead, zinc, 
nickel, chromium, and arsenic when compared to the other two samples. 
Also, a higher concentration of volatile solids indicates a greater 
organic concentration in this sample. As yet, there is no explanation 
for these anomalously high values. 

In order to compare overall abundance, a weighted total was calculated 
for each element. The scoring was based on 8 points for each time an 
element was the most abundant, 7 points each time it was the second most 
abundant, and so on. Based on 22 samples from the Westfield River 
(Table IX), the scoring for zinc would be: 

(20 X 8) + (2 X 7) = 174 

i.e., in 20 samples, zinc was the most abundant element, and in two 
samples, it was the second most abundant element. 

Lead on the Westfield River has a weighted total of: 

(2 X 8) + (6 X 7) + (10 X 5) + (4 X 4) = 124 

The element with the highest weighted total is considered the most 
abundant, while that with the lowest is considered the least abundant. 
Concentrations of less than 1 mg/kg dry weight were not included. 

A similar analysis was done for the 21 samples from the Deerfield River 
(Table X). When the sequence of the elements is compared, based on the 
weighted totals, it c·an be seen that zinc is the most abundant in each 
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• 

set and that chromium, arsenic, and cadmium occur in the same position 
in each sequence. Nickel, copper, and lead are in different orders when 
the Deerfield and Westfield Rivers are compared, This may be a result 
of geology, discharges, or other unknown factors. Relative abundance 
of elements in the Westfield, Deerfield, and other geologic domains are 
compared in Table XI. 

Element 

Zinc 
Nickel 
Copper 
Lead 
Chromium 
Arsenic 
Cadmium 
Mercury 

Element 

Zinc 
Copper 
Lead 
Nickel 
Chromium 
Arsenic 
Cadmium 
Mercury 

TABLE IX 

RELATIVE ABUNDANCE OF ELEMENTS 

WESTFIELD RIVER SEDIMENT SAMPLES 

(Based on concentrations~ 1 mg/kg dry weight) 

RANK 
1 2 3 4 5 

20 2 
11 8 2 

4 8 10 
2 6 10 4 

3 19 
2 

TABLE X 

RELATIVE ABUNDANCE OF ELEMENTS 

DEERFIELD RIVER SEDIMENT SAMPLES 

6 7 

l 
12 

(Based on concentrations> 1 mg/kg dry weight) 

1 2 3 

18 2 1 
l 14 6 
2 5 12 

2 

29 

RANK 
4 5 

19 
2 

2 

19 

6 

3 
1 

7 

WEIGHTED 
8 TOTAL 

174 
135 
126 
124 
94 
44 

2 
0 

WEIGHTED 
8 TOTAL 

164 
142 
129 
107 
67 
12 
2 
0 
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TABLE XI 

RELATIVE ABUNDANCE OF ELEMENTS IN 

NO. WESTFIELD DEERFIELD 

1 Zn 
2 Ni 
3 Cu 
4 Pb 
5 Cr 
6 As 
7 Cd 
8 Hg 

*Based on reference 5 
**Based on reference 8 
+Based on reference 9 

Zn 
Cu 
Pb 
Ni 
Cr 
As 
Cd 
Hg 

SURFICIAL* 

Zn 
Cr 
Cu 

Ni-Pb 

Hg 

VARIOUS MATERIALS++ 

CRUSTAL*"' CRUSTAL+ 

Cr Cr 
Ni Ni 
Zn Zn 
Cu Cu 
Pb Pb 
As As 
Hg Cd 
Cd Hg 

++The fact that mean or median values for concentrations of elements in 
Massachusetts surficial material (see Table XI) prevented the data from 
being ranked. 

Two sets of sediment samples from Boston Harbor were also analyzed. The 
first was a combination of .grab and core top samples (two or three inches). 
These samples were in storage at ambiant temperature for several months 
before the analyses. The second group was grab samples collected under a 
joint Division-U.S. Coast Guard sampling program in the summer of 1972. 
These samples were analyzed ~ithin a few days of collection. Data on 
mercury from both groups of samples were average and are presented in 
Figure 8, which also illustrates the widely distributed pattern of the 
sampling locations. 

2. Cores 

Five cores from Boston Harbor (Figure 9) and four cores from Lake Quinsiga
mond (Figure 10) were taken. Each core was from 18 to 24 inches in length. 
Most of the cores were divided into five sections and analyzed for elements 
and percent of volatile solids. 

The cores from Boston Harbor demonstrated no distinct trends (Figure 9). 
In fact, Core #4 exnibits generally increasing concentrations with-depth. 
The concentration of mercury in Boston Harbor samples (both core top and 
grab) is of interest. Thirteen of the eighteen samples exceeded 1.0 ppm 
(dry weight), as shown in Figure 7_- Care inust be taken in interpretation 
because it is not known which cores may represent disturbed sediments, 
for example, from channel _dredging, previous land filling, and past dumping 
for disposal. 

, The three cores from the deeper (35-80') stations in Lake Quinsigamond 
exhibit a decrease in element concentration with depth. It is of interest 
to note that the percent of volatile solids increases with depth; this 
may be the result of previously deposited organic matter. The fourth core 
was taken in 15 feet of water about 20 feet from a concrete support for 
an 8-inch pipeline which crosses the lake at this point. The crossing is 
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at a very narrow neck (SO feet). The core revealed three distinct sedi 
ments. The first 10' and the last 4 to 8 inches were clearly the remains 
of attached aquatic weeds, which still proliferate in this area. The 
middle section (about 10" in length) was nearly all sand. It was 
assumed that this sand resulted from the construction of the pipeline 
support. The sediment from the three deeper stations was a fine, generally 
grayish, clay-silt with some black ooze--presumably a typical lacustrjne 
deposit. One striking result was the apparently high content of arsenic 
throughout the cores. Another was the enrichment of lead, zinc, and 
copper in the upper portion of the cores. 

Another significant unknown is the relationship between stratigraphy 
and time for both sets of cores. For instance, the large weed popula
tion at Station 6 in Lake Quinsigamond certainly causes debris to accumu
late at a much faster rate than the deposition at the deep water stations . 
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Depth 0
1!.t 2''-411 4'-9JI 9

1
'-l t 17~26" BOSTON HARBOR 

Test 
CORE SAMPLE LOCATIONS -- -Hg 0.14 0.16 0.90 1.10 0.8 

. -
Cd 0.7 0.9 1.7 2.1 3.4 and RESULTS -
Pb 23,0 180,0 1220,0 130.0 100,0 FIGURE 9 , 

Zn 81,0 91,0 130,0 160,0 180.0 

Ni 36.0 35.0 35,0 24,0 22.0 

Cu 32,0 38,0 71.0 65.0 89.0 

Cr 27,0 42,0 80,0 120.0 170,0 

As 3,0 3,8 14,2 4,2 3,2 

%Vol. 
Solids 

3,9 4,5 8,2 6,0 6,3 

Depth d~3" 311-61 ~-10. s' 1()$.13" lJ 1!.1s11 Depth 01!.311 3'!. 711 7'!.1011 
10

11
-12" 

Test Test - --
Hg 3.0 2.0 0,4 2,3 0.84 Hg 2,32 2,69 3.60 1.90 

Cd 6.1 2.2 0.8 2.9 0,8 Cd 2.6 2.4 1,4 0,4 

Pb 200,0 110.0 26,0 120.0 54,0 Pb 180.0 190,0 220,0 77.0 

Zn 350.0 170.0 60.0 150.0 74,0 Zn 190,0 180,0 210.0 78,0 

Ni 33,0 22.0 11.0 22.0 15,0 Ni 28,0 27,0 26,0 14,0 

Cu 180,0 89,0 30,0 97,0 39,0 Cu 120.0 100.0 100,0 49,0 

Cr 160,0 76.0 28.0 85,0 33,0 Cr 170,0 120,0 90,0 54,0 

As 2.4 4,4 2.0 4.0 2.0 As 6,0 5.0 5,0 2.6 
• 

%Vol. 12,1 8,4 3,7 7,2 4.3 
% Vol. 

9,2 9.2 
Solids Solids 

8,3 5,6 
• 

Concentrations In mg/kg (dry weight) for material passing a number 30 sieve. 
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Hg 0,80 0.20 0.10 Hg 0,15 o. 19 0,14 0,62 Hg 1.20 1.10 0,42 0,09 

Cd 1.0 0,9 0,9 Cd 0,7 0,8 0,8 1,4 Cd 1,3 0,7 0,4 0,6 
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Ni 23.0 35,0 41.0 Ni 17 .o 20,0 21.0 18.0 Ni 21.0 14.0 7.8 16,0 ·. Cu 44,0 29.0 34.0 Cu 16,0 19.0 17 .o 35,0 Cu 63,0 35,0 13,0 15.0 

Cr 69,0 26,0 42,0 Cr. 25.0 26,0 23,0 35,0 Cr 83,0 42.0 11,0 13,0 

As 2.4 1,4 1.2 As 4.0 3,4 3,6 3,0 As 2.2 2.0 1.0 2.2 

% Vol. 

Solids 
4.0 3,6 3,6 %Vol. 

Solids 
4.8 5,6 5,2 7.2 ¾Vol. 7.2 10,5 2,7 6,8 

Solids 



. . 

Ql!,_3H 3'!.611 6'-91 9'~12' 12'~15" ·• Deoth . 
Test 
Hg 0.23 0.26 0,35 0.22 0.15 . , 
Cd 2.0 1.8 1.2 0.8 0.7 

Pb 230,0 170.0 120.0 32.0 8.8 

Zn 190.0 190,0 150.0 69,0 45.0 

Ni 46.0 38,0 36.0 31.0 17.0 

Cu 60.0 45.0 33.0 17,0 9,6 

Cr 70,0 41.0 35,0 30.0 18.0 

As 33,0 36,0 36.0 14.0 4.4 

% Vol. 7,6 9,7 14.8 19.4 30,6 
Solids 

Depth 011-511 5'!. 10'' 101!.15° 15'~70" 20·~ 
Test 
Hg 0,62 0.56 0,22 0.10 0.10 

Cd 2.8 2.6 1.0 0.5 0,6 

Pb 250,0 240.0 62,0 6,0 5,2 

Zn 380.0 330,0 89,0 38,0 39,0 

Ni 35,0 34,0 23,0 14,0 13,0 

Cu 88,0 72.0 26.0 8,6 8,9 

Cr 25,0 27,0 20.0 u.o ll,O 

As 64,0 66,0 35,0 6,8 4,6 

% Vol. 19,2 19.5 33,2 23.7 24,5 
Solids 

:;· 

-

Elememt concentrations in mg/kg (dry weight) for material passing a number 30 sieve, .· 

FIGURE 10 
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Depth o•:.3" 3'!.6" 61'-911 9'!...1211 12~14' 14':0 1 

Test 

• Hg o. 38 o. :E 0.65 o. 15 o. 1B o. I 3 

,. . Cd 1.7 l .4 1.2 o. 5 o. 5 0.8 

'Main St.-
Pb 220.0 190.0 180.0 29.0 7.2 7. 0 

Zn 200.0 200.0 200.0 61.0 47.0 39.0 

2 Ni 27.0 24.0 46.0 33.0 15.0 15.() 

Cu 72.0 68.0 60.0 30.0 9.1 9.3 

Cr 24.0 20.0 31.0 20.0 15.0 15.0 

As 43.0 46.0 79.0 20.8 13.0 11.2 

7. Vol. 
5.9 6,2 12. 1 7.6 22.7 24.6 Solids 

--Rt.9-
Depth o'!.s11 5'!.1o' 1o'c15" 15'!.2o' 2o'c24 Bottom 

4 Test 

Hg o. :Il o. 22 0.10 o.oo 0.21 0.17 

Cd 2.3 0.7 0.2 0.1 1. 5 I .8 

Pb 150.0 10.0 3. 5 L.7 9.8 10,0 

Zn 300,0 65.0 24.0 22.0 110.0 100.n 

Ni 38,0 15.0 6.6 5.7 55.0 46.0 

Cu 
5 

54.0 12.0 4.8 3.9 38.0 31 .o 

Cr 26.0 9.0 5,6 4.5 17.0 15,0 

As 17 .4 24.3 6.6 2.6 33,2 28.1 

7. Vo 1 • 12,2 7 .4 1. 9 3.3 45.0 27.0 -- Solids 

LAKE OUINSIGAMONO 
CORE SAMPLE LOCATIONS and RESULTS 

FIGURE 10 (con't) 
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