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ABSTRACT

Detailed depth profiles for concentration of As, Cd,
Cr, Cu, Hg, Ni, Pb, Sb, and Zn showed that these toxic
mebals are nearly uniformly distributed in sediment cores
on dredge spoils collected in April 1978. Cores collected
in May, September, and October show increased degrees of .
surface enrichment for all metals except Sb. <Cores
collected at the disposal éite'used prior to spring 1978
showed surface enrichment for Ccd, Cr, Cu, Ni, Pb,‘and Zn.
Hg and Sb did not show surface enrichment. Analyses of
control cores from the Ashtabula afea indicafed that the
distribution of polluted sediments is highly variable.
Further, sediment cores from the open lake stations in the
central basin suggest that surface enrichment of toxic
metals is not confined to theldredge spoils and nearshore

environments, but is also found in the open lake sediments.

" INI'RODUCTION

The effect of dredge spoil disposal on the quality of
lake bottom sediments is a matter of concern to the peoplé
living around and using the Great Lakes. Heé&y metal con-
centrations were monitored in a dredge disposal site used
by the U.S. Army Corps of Engineers in April 1978 for
sediment from the Ashtabula Harbor'area.

The‘concentratidn of toxic metals in the sediment of
the central basin of Lake Erie have been investigated by

Sstith (1973), Ritchie et al. (1L973), Sweeney et al. (1974),

Walters et al. (1974), Rosengrant (1975), Kemp and Thomas




(19763 and Walters (1977). Ritchie et al. (1973) showed that
significant heavy metal loadings to Lake Erie were caused by
open lake disposal of spoils from Ashtabula Harbor. Sweeney
et al. (1974) showed that the deposition of dredge spoils
from the Cleveland Harbor and Cuyahoga Rivers reducgd the
quality of the surficial sedimehts in the dumping grounds.
Walters et al. (1974) and Rosengrant (1975) found that heavy
metals were usually enriched in the surficial sediments of
the central basin. However, Walters (1977) showed that the
concentration levels of the surficial sediments in the
central basin of Lake Erie were usually much less than those
in western Lake Erie. The major source of polluted sediments
in the central basin was identified as the Cleveland area
(Rosengrant, 1974; and Walters, 1977).

Although most of the research on toxic métals has con-
cerned the levels of‘mercury, several auﬁhors have also
investigated other toxic metals. Wilson (1978) summarized
the current state of toxic metal research in western Lake
Erie and concluded that the éediments have a large capacity
for holding énd retaining As, C4, Cr, Cu, Hg, Ni, Pb, Sb, and
Zn. The occurrences of these elements was monitored by the

present study.

METHODS
The sediment cores were collected by the crew of the
R/V HYDRA and were frozen on-board thevship. The cores were
collected with a 2 inch ID gravity corer using CAB plastic
core liners. Table 1 lists the sampling locations for the

cores used in the study.



The frozen cores were sectioned in the laboratory into
2 cem intervals (0-16 cm), 4 cm intervals (16-40 cm), and

10 cm intervals (40 cm to total depth). The frozen cores

5
v ot

and plastic liner were sectioned using a hacksaw. After ot

sawing, the cut éurface was scraped to remove residue from
the plastic liner and saw blade. /

The samples were digested‘for mercury analysis using
the standard nitric-sulfuric acid-permanganate digestion
procedure which is described by Wolery (1973) and is modified
after those of Hatch and Ott (1968) and Iskander et al. (1972).
Two additional digestion procedures were used for the re-
maining metals. First Cd, Cr, Cu, Ni, and Zn were determined
after digesting the sample with 1) hydrogen peroxide
2) hydrochloric‘acid,.and 3) hydroxylamine-hyrochloride-
hydrochloric acid (Wolery, 1973). Secondly, As, Pb, and Sb
were determined after digestion with ultrapure nitric acid
using the procedure of Wilson (1978, p. 18) which was developed
because severe interference by the chloride was observed
with the arsenic détermination. One gram of sediment was
evaporated over heat with 2 ml concentrated ultrapure nitric
acid. This step was repeated. Then 25 ml of 4 N ultrapure
nitric acid was added to the sample, stirred, and centrifuged.
The supernate was taken for analysis.

All heavy-metal analyses were performed using a Perkin-
Elmer 603 atomic absorption spectrophotometer. A 3—slot
Boling-type burner was used with an air-acetylene flame to
analyze for elements in relatively high concentrations as
found in sediment samples. Argon or nitrogen was used with

HGA-2100 graphite furnace accessory unit to determine lower



concentrations of metals. When using the graphite furnace,
all samples were analyzed two or three times and the results
averaged. A cold-vapor FAAS technique as described by
Kovacik (1972, pp. 15-22) and Wolery (1973, pp. 78-80) was
employed for the'analysié of mercury. Data was normalized

to a one~gram dry sample. Equipment, standard conditions,
and matrices used in atomic absorption analyses are described
for all nine elements in Table_2. The atomic absorption
conditiohs were those recommended by Perkin-Elmer (1976 a;

and 1976 b).

RESULTS AND DISCUSSION

The analytical results for 11 sediment corgs collected
from the new dump site which was used in April 1977 ére listed
in Table 3. Values for arsenic are not shown fdr thé cores
collected in April énd May because these samples were digested
with hydrochloric acid. The resulting presence of chloride
in the sample solution caused extreme interference with the
arsenic determination by graphite furnace. The later samples
were digested with nitric acid only prior to arsenic analysis
and yielded valid results. Table 4 lists the results observed
for Cores from the old dump site which had been used prior
to 1977. Analytical results for the control cores are listed
in Table 5. The average concentration (Table 6) of Ccd, Cr,
Ni, Pb, Sb, and Zn in the sediment cores from the new dump
site showed a significaht decrease during the sampling
period (5/17/77 to 10/10/77). The concentrations of these
metals approached the values observed for the open lake

stations (32, 33, and 78). This decrease in metal concentration



was concomitant with a decrease in water content of the
sediment (58% to 47%).

The metal concentrations observed in the sediment cores
were highly variable for those cores collected in May. However,
the degree of surface enrichment inpfeased in the
cores collected in September and October. Likewise the
amount of variability within the cores decreased-so that a
smoothly decreasing concentration—-depth profile was observed
for those cores collected later in the sampling season.

Comparisons of the concentrations of toxic metalé
observed at the 0ld dump site (Table 4), new dump site (Table 3)
and control site (Table 5) with the concentration obsefved
at the open lake stations (Table 5; Walters, 1977; and
Rosengrant, 1975) showed that all cores collected in the
Ashtabula near-shore area were enriched in metals. The
- degree bf enrichment suggested that the Ashtabula area was
not the only source of pollutdd sediments but rather the
impact of input from Cleveland and the Cuyahoga River
(Sweeney et al. 1974) spread northeast along the United States
shoreline by littoral drift.

The changes observed in the concentration of toxic
metals determined in the sediment cbres from the Ashtabula
area can be explained by at least two mechanisms. First the
polluted sediments deposited as dredge spoil are rapidly
transported away from the disposal site by the northeast
trending littoral drift, which would result in the sediments
from the Cleveland area having the most impact on the sediment

guality at Ashtabula. Secondly, the concentration depth profiles




may be controlled by a process of diffusion toward and across
the sediment-water interface as the dredge spoil is de-
watered. However, the latter process seems unlikely
considering the strong binding power of the sediment for

these toxic metals (Wilson, 1978).
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Table 1. Sample locations. for
‘cores at dredge disposal and control
sites in the Ashtabula area.

Sample Station Latitude ' Longitude
New dump site 41 57 00 80 48 30
01d dump site 41 56 24 80 45 54
Control site 41 55 54 80 46 54
32 42 04 54 81 00 42
33 , 41 55 54 80 55 00

78 42 07 00 81 15 00
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Table 6.

sediment cores from the Ashtabula Harbor dredge

Average values for heavy metals in

disposal sites and control sites.

Date

4/1/77
4/1/77
5/17/77
5/17/77
5/17/77
9/4/77
9/4/71
9/4/77
10/10/77
10/10/77
10/10/77
5/17/77
5/17/77
5/17/77
4/2/717
4/2/77
9/29/77
9/29/77
9/29/77

4/1/77
5/17/77
9/4/77
1.0/10/77

9/29/77

New dump site
0ld dump site
Control site
Not determined

H20
Collected Percent

58
58
49
50
48
49
46
48
43
51
47
62
63
60
53
52
42
52
64

58
49
48
47

53

As
ppm

.50
.15
1.6
.10

.10

ND
.17

.16

.16

~)
~

+

H RN W v NWWN WK
o e e O+ Je ¢ o
N W OWOHOMOUWEHEUVIOYND W

.
1)
3]

Cr
ppm

53
52
51
63
68
29
30 -
29
17
21
21
53
57
52

. 48

32
18
24
25

52
6l

- 29

20

.22

Cu
ppm

27
46
41
4]
40
38
40
38
30
31
37
47
48
38
50
36
18
31
36

36
41
39
33

28

Hg
ppm

.33
.039
.25
.28
.31
.19
.18
.20
.18
.19
.23
.041
.13
.1¢
.038
.040
.096
.10
.07

.19
.28
.19
.20

.088

Ni
ppm

48
43
42
40
39
30
34
34
24
31
33
44
45
43
40
32
25
28
28

46
40
33
29

27

Pb
bpm

58
60
49
47
45
37
45
35
37
37
42
59
61
61
57
42
18
27
26

59
47
39
3%

24

23

Sb
ppm

.53
.69
.72
.71
-84
.21
.035
.058
.028
.050
.33
.72
.73
.63
.61
-49
.28
.052
.040

.61
.76
.10
.14

.12

Zn
pPpm

312
369
295
292
379
262
185
225
134
153
139
230
335
283
314
218
54

122
113

340
322
224
142

986
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