1.3.2 Metal contamination in the Raritan River sediment

Thirteen metals were analyzed, including silver (Ag), arsenic (As), beryllium (Be), cadmium
(Cd), chromium (Cr), copper (Cu), mercury (Hg), nickel (Ni), lead (Pb), antimony (Sb), selenium
(Se), thallium (Tl), and zinc (Zn). The average, standard deviation, minimum, and maximum
concentrations are summarized in the Table 2. Metal concentrations for all the sampling

locations are detailed in Table 3.

Metal concentrations were compared to the low effects range (ERL) and medium effects range
(ERM) values defined by Long (1979) for marine/estuarine sediment. The medium effects range
implies that contamination concentration exceeding the ERM value indicates adverse benthic
impacts in more than 50% of cases studied. The (ERL) on the other hand represents a
concentration threshold, which when exceeded adverse benthic impacts are likely found in

approximately 10% of studies.

The P1 site located in the bay itself showed the lowest concentrations for metals compared to all
other sites. All metals with the exception of Cd and Cr exceed the ERL criteria in almost all
sites. Mercury on the other hand exceeded the ERM criteria in almost all sites (Table 3). Lead
showed higher concentrations near the bay with decreasing concentrations up river and never

exceeded the ERM criteria at any of the sampling locations.

P1, T8-2 and T13-2 locations show the least concern in terms of ecotoxicology. On the other
hand T12-2 is the most trouble among the measured locations as it exceeds ERM values s for Ag,

As and Hg and exceeded the ERL threshold for all the other metals.
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1.3.3 Organics in the Raritan River sediment

The total PCB concentration of 109 PCB congeners and total OCP concentration of 18 OCPs at

each sampling location are listed in the Table 4. The PCB and OCP concentration showed the

same pattern over different sampling locations as shown in the Figure 9.

The ERL and ERM for total PCB for marine/estuarine sediment are 23 ug/kg and 180 pg/kg,

respectively. Except for P1 in the bay and P5 on the north side of the sand bar, all other

sampling locations have PCB concentrations higher than the ERL.

[sland has PCB concentration higher than the ERM criteria.

Location T7-1 near Crab

Table 4. Total PCB and total OCP concentration (ug/kg) at each sampling location.

! PCB ocCp . PCB ocCp
Location — T Location T
Pl 10.5 6.59 T5-3 105 24.7
P2 29.1 8.33 T5-4 65.3 211
P3 75.7 23.2 T6-1 27.2 16.9
P4 70.6 33.5 T6-2 33. 10.1
RS 16.1 10.7 T6-3 63.1 23.0
TI1-1 104 23.4 T7-1 219 30.9
T1-2 93.1 25.5 T7-2 33.3 8.62
T1-3 87.6 35.8 17-3 53.0 16.5
T1-4 136 50.2 T8-1 35.9 10.2
T2-1 47.2 23.4 T8-2 35.1 8.03
T2-2 752 28.0 T9-1 21.7 4.56
T2-3 43.0 15.0 T9-2 43.3 10.2
T3-1 30.4 12.5 T10-1 101 39.6
T3-2 87.7 34.9 T10-2 100.0 26.9
T3-3 122 36.5 T11-1 87.1 15.4
T4-1 63.2 28.2 T11-2 93.0 20.5
T4-2 97.6 28.9 T12-1 43.7 8.65
T4-3 98.5 25.4 T12-2 91.6 24.5
T5-1 35.0 16.1 T13-1 58.0 15.5
T5-2 117 30.7 T13-2 89.6 24.9
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Figure 9. PCB and OCP concentrations in the Raritan River sediment.
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1.3.3 Spatial interpolation and Geo-Accumulation Index
Trace metal and organic pollutant distribution in the river sediment

Trace metals and organic concentrations of the sampled sediments were inputted into ArcGIS
10.3 geospatial software to visualize the sediment pollution of the main channel of the Lower
Raritan River. The Spatial Analyst toolset was used to take the sediment concentrations in parts
per million units (ppm) at our 40 sampling points and extrapolate values in between these
sampling transects to create a continuous surface of sediment contaminant information for the
lower Raritan. We chose the Inverse Distance Weighted (IDW) linear raster interpolation tool
for this visualization. The raster interpolation helps to visualize any concentration gradients or

hotspots of trace metal or organic pollutants in the designated area of interest.

The result of the spatial statistical analysis is shown from figure 10 through Figure 22. The most
prevalent hotspot was along the TP7 transect (Crab Island), where high concentrations were
observed for all metals with the exception of Cd. High concentrations also occurred along the T2
and T3 transect — close to the mouth of the river — where Hg, Pb, Ni, Sb, Se, Tl and Zn were all
high compared to the rest of the study area. Cd had a single hot spot in the area of P2. Cr was
prevalent in the sediment showing a clear hot spot along T12, close to New Brunswick. T7
(Crab Island) and T12 (north of the turnpike) are the sites where most of the measured metal

concentrations exceed the ecological screening criteria.

To assess the collective occurrence of trace metal contamination, a cumulative metal index
values were calculated for each sampling location after Gallagher (2008) using rank order
transformation (Juang et al, 2001). Figure 23 shows the interpolation results. Here again we see
higher concentrations clustering around the T1, T2, and T3 transect between the mouth of the
river and the Garden State Parkway bridge. Another well-defined hotspot is along the P7
transect, at Crab Island. Smaller hotspots form along T12 mainly due to the high Cr, As and Zn
concentration and around T5 and T6 caused by higher Zn, TI, Pb, Ni, and Hg levels than in the

rest of the study area.

Figure 24 and 25 shows the interpolation results for total PCB and OCP respectively. There
appears to be a continuing presence of enriched sediments near the elbow of the river right
before opening to the bay, along the T3 transect, as well as the sediments near Crab Island in

Sayreville again along the T7 transect.
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