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The total Fe loadings were calculated by Sauer (1979) generally for 10 year
increments between 1900 and 1977 and are shown in Table 3.

Qualitatively, the levels of Cr, Pb, and Zn in the cores for the lower two
areas (Blue Tower Turning Basin and Hamburg St.) corresponded to the total
Fe loadings, increasing, peaking, and declining over time. Spearman Rank
Correlation was calculated between the levels of Cr, Pb, and Zn and total Fe
loadings for the Hamburg St. sediment cores. The correlation calculations could
not be done for the Blue Tower Turning Basin or the Mobil Oil sites because
the sediment cores were too short and as a result there was not a sufficient
time span for reliable correlation analysis. The results of the correlation analysis
are shown in Table 4. In all cases there was a positive correlation although the
strength of the relationships varied by site and metal. Sediment cores 5201 and
5208 exhibited the strongest correlations and these two cores came from adjacent
sample sites that were in a protected inlet and as such were shielded from
perturbation due to storm events and ship traffic.

Surficial sediment quality analysis through the USACE Navigational
Dredging Program

As part of its regular sediment quality assessment program on the Buffalo River
navigation channel, the USACE collected surface sediment samples with a
petite ponar grab sampler from 12 sites in the lower 8.9 km of the river in 1989
and 1996 (Figure 5). These samples were subjected to chemical (PAHs, PCBs,
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Fig. 5. Location of surficial sediment grab samples collected for the USACE.
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reduction in the incidence of neoplasms in this species following the downscaling
of industry on the river. In addition to the reduced PAH contamination, the
analytical results for Fe in the Buffalo River sediment samples showed a decline
in surface concentrations generally throughout the channel, evidenced by a
reduction of mean concentrations from 28,767 mg
kg-1in 1989 to 25,500 mg kg-! in 1996 (Aqua Tech, 1989a and Engineering and
Environment, 1996a). Significant changes in surface concentrations of the metals
As, Ba, Cd, Cu, Pb, Ni, Se, Hg and Zn were not evidenced from these data.

Bioavailability and biological effects of contaminants near the Buffalo River
sediment surface

The USACE performed a study to ascertain the bioavailability of contaminants
in resuspended surface sediments relative to resuspended subsurface sediments
(McFarland, 1997). The premise of this study was that contaminants resuspended
as a result of routine maintenance dredging processes were no more bioavailable
than those resuspended at the sediment-water interface by natural processes in
the same area. For this study, a benthic sled was used to obtain surface sediment
and a one-meter long corer was used to obtain subsurface samples from a
contaminated river site (Engineering and Environment, 1996a). To obtain the
sediment samples, the benthic sled was dragged from a Boston Whaler boat
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Fig. 6. Levels of total PAHs in surficial grab samples collected for the USACE, 1989 and 1996.
Sample sites are arranged from downstream (site 27) to upstream (site 34).
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Table 5. Comparisons of metal concentrations (Ug kg'', dry weight) in surficial and core sediment
samples from a contaminated site in the Buffalo River, and corresponding 28-day resuspended
exposures of C. fluminea.

Metal Sediment mean (SE) C. fluminea mean (SE)
(3 replicates) (8 replicates)
Surface Core Surface Core

Arsenic 6,200£321.5 5,800+200.0 1,688+47.95 1,662+£77.78
Lead 37,667+£3,756 56.000+2,887 297!+ ND

Mercury ND- ND ND ND

Nickel 29,333+£1,202 28,333+881.9 ND ND

Zinc 113,3334+6,667 | 130,000+5.773 | 18,875+854.3 20,125+548.9

'mean based only on three measurements (the remaining five replicates showed concentrations of
lead below the MDLs of 250-300 ug kg™')

not detected in any sample at the respective MDL (mercury sediment — 180-190 pg kg'; mercury
tissue — 200 pg kg': nickel tissue — 1600-2000 g kg; lead tissue — 250-300 ug kg')

SE - standard error

Other MDLs - arsenic sediment — 540-560 ug kg''; arsenic tissue — 500-590 ug kg™'; lead sediment
—270-280 pug kg™'; nickel sediment — 1800-1900 ug kg ; zinc sediment — 1800-1900 pug kg™ ; zinc
tissue — 1600-2000 pg kg'.

along the river bottom for an approximate distance of 6 meters, and the boat-
mounted corer was driven approximately 0.6 meters into the bottom sediment
via gravity. Historic data (Aqua Tech, 1989a) suggested that the selected sampling
site (31) had the most contaminated surface sediments within the navigation
channel. These samples were subjected to 28-day bicaccumulation experiments
that exposed the sediments to the non-native filter-feeding clam Corbicula
fluminea, a test species often employed as a surrogate because of its high
filtration rate. C. fluminea also frequently is employed as a subject in
bioaccumulation studies (e.g. Inza et al.,, 1997). These experiments were
conducted in laboratory aquaria provided by the Flow-through Aquatic Toxicology
Exposure System (FATES) (McFarland et al., 1985; 1994). Based on the results
of the chemistry on the sediment samples, it was decided that the C. fluminea
tissues would be analyzed for only five metals: As, Pb, Ni, Hg and Zn.
Table 5 compares the mean concentrations of these five metals in replicates
from the surface and core sediment samples, and in the corresponding replicate
C. fluminea exposures (Engineering and Environment, 1996 a, b). Lead was the
only metal that showed significantly higher concentrations in the core sediment
sample in comparison to the surface sample (t=-3.87; P<0.0180). The
concentrations of Hg and Ni in the tissue replicates were below the method
detection limits (MDLs). Lead, As and Zn were measured above the MDL in
some or all of the replicates, but only the concentrations of As and Zn permitted
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statistical analysis. ANOVAs and pairwise comparisons showed no significant
difference between the bioaccumulation of metals in the surficial and core
sediment samples. This study demonstrated that contaminants resuspended by
routine maintenance dredging are no more bioavailable than contaminants in
sediments resuspended by natural processes in the same area (McFarland,
1997). Perhaps more importantly, it also indicated that the bioavailability of
contaminants in resuspended near-surface or surficial sediments is a fraction of
the sediment concentration, and is limited or undetectable. The bioavailable vs.
sediment concentrations of As and Zn, for example, were on a ratio of less than
0.29 and 0.17, respectively.

The majority of the surficial sediment samples collected from the Buffalo
River in 1989 by Aqua Tech (1989a) also were subjected to bioassays employing
the test species fathead minnow (Pimephales promelas), a water flea (Daphnia
magna), and mayfly nymph (Hexagenia limbata). These bioassays applied the
96-hour, solid phase procedures prescribed by Prater and Anderson (1977 a,b).
Using mortality as the measurement endpoint, the results of the bioassays showed
no toxicity to P. promelas (0% mortality), and generally moderate toxicity to the
latter two test species (10-40% mortality) (Aqua Tech, 1989b). These results
appear consistent with the results of Nelson et al. (1993) as reported by Passino-
Reader et al. (1995). Nelson et al. (1993) exposed Buffalo River sediments to
the amphipod Hyalella azteca (14- and 28-day exposures), and the midges
Chironomus riparius (14-day exposure) and C. tentans (10-day exposure).
While these bioassays employed test species that were different from those
used by Aqua Tech (1989b), it may be concluded that the reduced survivals
(except for C. tentans) were indicative of an overall moderate degree of
sediment toxicity.

We are not aware of any bioassay data for the period prior to the downscaling
of industrial activity on the river. Nevertheless, the structure of benthic
communities in terms of species richness and diversity can be used as a tool
to gauge the health of an ecosystem. Passino-Reader et al. (1995) summarized
results of benthic surveys dating back to the early 1960s. At the time of the
carliest surveys, no benthic invertebrates were observed in the dredged section
of the river, but by the late 1970s, oligochaetes and chironomids commonly were
found.

It should be noted that this ecosystem recovery may be a slow process.
Diggins and Stewart (1993) described the benthic community in the Buffalo
River AOC as being dominated by at least 90% of pollution-tolerant oligochaetes,
with the remainder being comprised mainly of Chironomids classified within the
eutrophic indicator groups according to Saether (1979). Canfield et al. (1996)
documented a similar community composition, but found that the Buffalo River
AOQOC showed the largest number of benthic taxa (33) when compared to the





