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Figure 2a. Left: Sediment cores being collected from Segment 1 of A-Street Ditch. Right: 
Sediment porewater and surface water passive samplers being placed in Segment 1 of A-
Street Ditch (March 14, 2019). 

 

 

 

Figure 2b. Bioamended SediMite being applied to Segment 1 of A-Street Ditch. 
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2. ANALYTICAL METHODS 

 
Total organic carbon and activated carbon in sediments. Sediment samples were 
homogenized and dried overnight in an oven at 105 °C.  For total organic carbon analysis, about 
200 mg of the homogenized and dry sediment sample was acidified with HCl to remove 
inorganic carbon and then analyzed for organic carbon in a Shimadzu TOC-VCPH carbon 
analyzer.  For the activated carbon analysis, about 200 mg of dry sediment was weighed, ground 
into a powder, and transferred into glass vials for chemical oxidation of the natural organic 
matter. Detailed oxidation procedure is provided in (Grossman and Ghosh 2009). Briefly, 5 ml of 
0.1M K2Cr2O7 in concentrated H2SO4 was added into oxidation vials in a water bath at 60°C to 
oxidize the organic matter in the sediment. Chemical oxidation was performed two times to 
ensure the complete removal of inorganic and natural organic carbons. Only native black carbon 
and activated carbon are preserved through the chemical oxidation step. The residual sediment 
containing black carbon and activated carbon was settled to the bottom of the vial by 
centrifuging and the supernatant acid was removed from the oxidation vial. The black carbon 
content was measured using s Shimadzu TOC-VCPH carbon analyzer by combustion of the 
residual sediment sample at 900 °C in pure oxygen and measurement of the CO2 produced.  

PCB extraction from bulk sediment.  
Sediment PCBs were extracted following EPA publication SW-846 (Test Methods for 
Evaluating Solid Waste, Physical/Chemical Methods) method 3550B using three volumes of 40 
mL each of acetone-hexane mixture (1:1) and sonicating the slurry for 6 minutes (pulsing for 15 
seconds on and 15 seconds off). PCB 14 and 65 were added as surrogate standards to all samples 
before extraction to check recovery. 
 
PCB extraction from passive samplers. 
Passive samplers were extracted for PCBs and PAHs using 30 mL additions of acetone-hexane 
(1:1). The passive sampler was allowed to extract in the acetone-hexane (1:1) solution, on an 
orbital shaker, overnight after which the solvent was removed and new solvent was added. This 
process was repeated three times and following the third extraction all extracts were collected 
together and evaporated to a smaller volume by nitrogen blowdown. PCB 14 and 65 were added 
as surrogate standards to all samples before extraction to check recovery. 
 
PCB cleanup and analysis.  
PCB cleanup was based on EPA publication SW-846 (Test Methods for Evaluating Solid Waste, 
Physical/Chemical Methods) methods 3630C (Silica gel cleanup), 3665A (sulfuric acid cleanup) 
and 3660B (Sulfur removal with copper). The dried and concentrated extracts were passed 
through a 3% deactivated silica gel column for the removal of organic interferences and to 
separate the PCBs and PAHs. Silica gel (chromatographic grade, 100-200 mesh, Fisher 
Scientific, Fair Lawn, NJ) was activated by heating at 130°C for 16 hours, then deactivated by 
gradually adding 3% by weight deionized water and rotating on a roller at approximately 2 rpm 
overnight.  
PCB analysis was performed on an Aligent 6890N gas chromatograph (Restek, Bellefonte, PA, 
USA) with an electron capture detector and a fused silica capillary column (Rtx-5MS, 60 m x 
0.25 mm i.d, 0.25 μm film thickness). PCB standards for calibration are purchased as hexane 
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solutions from Ultra Scientific (NorthKingstown, RI, USA). Internal standards, 2,4,6- 
trichlorobiphenyl (PCB 30) and 2,2’,3,4,4’,5,6,6’- octachlorobiphenyl (PCB 204) was added to 
all samples. Most commonly occurring PCB congeners present in typical Aroclor mixes are 
measured using this method.  In some cases peaks coelute which are identified and reported as 
the sum of congeners. PCB congener 193 was found to co-elute with a possible contaminant that 
resulted in sporadic high values and was removed from all analyses. 
 

PRC Correction of passive sampler results: PCB concentration in the PE samplers were first 
calculated and reported in the units of ng/g PE. The loss of PRC estimated was used to generate 
the fractional correction term using a diffusion -based model in an associated PRC Correction 
Calculator software (U.S. EPA/SERDP/ESTCP. 2017). The correction term accounts for the 
non-equilibrium conditions pollutant sampler. The PRC corrected contaminant concentration is 
reported as µg/L in water. The sum of the concentrations of the congeners in one homolog group 
is reported as the concentration of the corresponding homolog group. 
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3. RESULTS 

 

Black Carbon and Total Organic Carbon Analysis 

As shown in Table 1 below, the TOC content of the sediment ranged from 3.3 to 3.7% and the 
native black carbon content was low at 0.4%.  

Table 1. Results of Black Carbon and Total Organic Carbon analysis 

Sample Name BC Content 
(%)  

TOC 
Content 

(%)  

A Street-Sed-01 B 0.4 3.7 
A Street-Sed 02 B 0.4 3.3 

A Street-Sed 02 B (Dup) 0.3 - 
A Street-Sed 03 B 0.4 3.6 

Standard 1* 3.6 6.0 
Standard 2* 3.4 5.9 

 
*Note: Standard 1 and 3 are laboratory standards prepared with 4% by weight of activated 
carbon added to a standard sediment and processed alongside the samples. 4% coconut based 
AC should give 3.8% BC measurement based on Grossman and Ghosh 2009. 
 

BC and TOC results of post application sediment samples are pending. 
 

 

 

PCB Concentration in Sediment 

Three composite samples of surficial sediments from each of the 3 sampling locations were 
collected on 3/14/2019 to characterize the initial concentration of PCBs in sediment before the 
application of bioamendments and SediMite.  Duplicate PCB analyses were performed on each 
of the three sediment samples.  The average PCB concentration in Segment 1 of A Street Ditch 
in the pre application samples A Street Sed-1, Sed-2, and Sed-3 were 137, 118, and 177 ng/g 
total PCBs respectively as shown in Figure 3a and Table 2.  The total PCB concentration was the 
highest at the upstream location A Street Sed-3 that was close to the tide gate and away from the 
Christina River. The dominant PCB homologs in sediment were tetra, penta, and hepta 
chlorobiphenyls. There was also an unusually high abundance of the nona and deca 
chlorobiphenyls in these sediments, especially in sample A Street-Sed-01, potentially indicating 
a source of these highly chlorinated congeners from the Christina River. The variability was high 
for nona and deca homologs in location 1, possibly indicating a heterogeneous distribution of 
source particles containing this unique homolog signature (see Figure 4a).   
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PCB concentration in sediment collected from the three sampling locations after the application 
of AC and bioamendments are shown in Figure 3b. All three sampling locations show lower 
PCB concentrations in sediment at the first post application sampling compared to the pre 
application samples.  There is an average reduction of PCB concentration in sediments by about 
25%. Much of these reductions are observed in the di through octachlorobiphenyls with an 
apparent increase in the concentrations of the nona and decachloro biphenyls (see Table 2).  It is 
not apparent why the concentrations of nona and deca increases post treatment and could be a 
result of small-scale spatial variability of these congeners. In the second post application 
sampling conducted about 1 year after the remedy implementation, the PCB concentrations in 
sediment at Sed-1 and Sed-2 locations remain the same as post application 1 samples.  However 
for location Sed-3, which was closest to the tide gate, the PCB concentration increases 
significantly to 436 ng/g.  It is possible that this increase is due to disturbance from remedial 
activities upstream and deposition of new PCB-contaminated sediments at this location. It is also 
possible that this increase is due to small-scale spatial variability in PCB concentration in 
sediment.  A follow up study can be performed to look at whether there is PCB concentrations 
variability spatially or with depth at this location.  
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Figure 3. Total and homolog level concentration of PCBs in sediment. Top: baseline 
sampling on March 14 2019; Middle: post application sampling on October 9, 2019; 

Bottom: Post application sampling on June 1, 2020. 
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Figure 4. PCB concentration by homolog in sediment. (Top: baseline sampling on March 
14 2019; Middle: post application sampling on October 9, 2019; Bottom: Post application 

sampling on June 1, 2020.  
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Freely dissolved PCB concentration in sediment porewater and surface water. 

The Freely dissolved PCB concentration in sediment porewater and surface water are shown in 
Figures 5 and 6 respectively.  The PCB congeners detected in the freely dissolved phase ranged 
from the di through hepta chlorobiphenyls. Tetra chlorobiphenyl was the most dominant 
homolog in the freely dissolved water phase in both sediment porewater and surface water 
followed by the tri and penta chlorobiphenyls. The pre application freely dissolved total PCB 
concentration in sediment porewater ranged from 1.2 to 0.63 ng/L.  The pre-application surface 
water PCB concentrations are shown in Figure 6 and range from 0.8 to 0.62 ng/L. These 
concentrations are close to or above the USEPA Ambient Water Quality Criteria for the 
protection of human health of 0.64 ng/L.  Sites 1 and 2 generally show higher freely dissolved 
concentration in the sediment compared to the surface water indicating a flux from sediment into 
the overlying water.  For site 3, the concentrations in surface water and sediment porewater are 
about the same.  This could partly be an artifact of how the surface water sampler at this location 
may have been in greater contact with surface sediments during low tide events, possibly more 
so than the other two locations. 
  
The first post application samples are generally lower in both the porewater and surface water as 
shown in Figures 5 and 6.  The percent reductions are higher in the porewater of sediments and 
range from 49% to 77%.  The concentration reductions in the surface water are lower and range 
from 23 – 47%.  The surface water is in constant exchange with flows from upstream and from 
the Christina River due to tidal flow and is expected to demonstrate a smaller change after the 
sediment remedy. Before treatment, the sediment porewater concentration was generally higher 
than the surface water concentration indicating a diffusive source of PCBs from the 
contaminated sediment into the surface water.  After the application of the in-situ amendments, 
the concentration gradient is reversed with a lower concentration of freely dissolved PCBs in the 
sediment porewater compared to the surface water, indicating that the sediments now act as a 
sink and not source of PCBs into the water column. 
 
In the second post-application sampling, sediment porewater PCB concentrations in locations 1 
and 2 are reduced further with net reductions from baseline of 65% and 80% respectively, 
however, for locations Sed-3, there is an increase in  porewater concentration from post-
application 1 sample, but still registering a 59% reduction compared to the baseline sample.  The 
different trend of porewater sample from Sed-3 is likely related to the observed increase in 
sediment PCB concentrations at this location for post application 2 sample. However, it is 
remarkable that even with an increase in sediment PCB concentrations at Sed-3, the porewater 
concentration shows significant reductions from baseline, likely due to the presence of AC in 
sediments. The surface water PCB concentration in Post application 2 at Sed-2 and Sed-3 
decreased further compared to Post application sample 1.  However, the surface water PCB 
concentration in location Sed-1 increased in the post application 2 sample to close to 1 ng/L, 
which is higher than the pre-application sample at this location, potentially reflecting higher PCB 
concentrations in the water column being discharged through the creek or in the Cristina River.  
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Overall, there is indication of reduction of both PCB mass and bioavailability in sediments 5 and 
12 months after application of activated carbon and bioamendments to surface sediments in 
Segment 1 of the A Street Ditch. There is some indication of potential mobilization of PCB 
impacted new sediments, at least in location Sed-3 that may need to be evaluated further.  
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Figure 5. Freely dissolved PCB concentration in sediment porewater for baseline 
samples (left) and post application samples (right). 

 

 

Figure 6. Freely dissolved PCB concentration in surface water for baseline samples 
(left) and post application samples (right). 
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Table 2. PCB homolog concentration in sediments (ng/g) 

 

 

 

 

 

 

 

 

 

  

Avg Conc
Site mono di tri tetra penta hexa hepta octa nona deca Total
Sed-1 0.0 0.6 3.5 23.1 34.2 21.4 8.1 8.1 10.9 27.5 137.3
Sed-2 0.0 0.3 3.5 21.1 30.5 21.4 8.0 7.6 6.0 19.5 117.8
Sed-3 0.0 1.5 6.6 33.0 48.2 37.0 16.8 11.3 6.8 15.9 176.8

Stdev
Site mono di tri tetra penta hexa hepta octa nona deca overall_stdev
A1 0.0 0.5 0.9 1.9 2.2 2.7 0.9 1.0 8.9 17.3 19.9
A2 0.0 0.4 0.3 1.5 0.0 3.1 0.0 0.9 0.5 2.4 4.3
A3 0.0 0.5 0.3 0.2 1.3 2.1 1.0 0.5 0.3 1.5 3.0

Pre application

Avg Conc
Site mono di tri tetra penta hexa hepta octa nona deca Total
Sed-1 0.00 0.02 3.40 14.83 19.55 16.35 7.50 6.08 7.84 26.86 102.4
Sed-2 0.00 0.00 3.24 11.34 17.18 14.66 5.99 6.32 7.35 25.84 91.9
Sed-3 0.00 0.00 4.41 17.63 26.56 26.00 12.08 8.92 6.93 24.43 127.0

Stdev
Site mono di tri tetra penta hexa hepta octa nona deca overall_stdev
A1 0.00 0.02 1.43 4.41 3.39 1.25 0.43 0.29 0.18 0.39 5.9
A2 0.00 0.00 1.33 1.80 2.04 0.90 0.19 0.17 0.56 2.21 3.9
A3 0.00 0.00 1.25 2.33 3.08 2.20 1.38 0.07 0.21 0.97 4.9

Post application 1

Avg Conc
Site mono di tri tetra penta hexa hepta octa nona deca Total
Sed-1 0.00 0.0 3.5 18.5 30.4 19.2 8.5 5.6 4.8 14.4 104.8
Sed-2 0.00 0.3 10.5 14.7 22.2 16.2 7.1 5.7 4.0 15.8 96.5
Sed-3 0.00 1.2 17.5 80.5 90.9 99.5 64.7 37.5 14.2 29.7 435.5

Stdev
Site mono di tri tetra penta hexa hepta octa nona deca overall_stdev
A1 0.03 0.65 0.52 2.85 0.95 1.71 0.14 0.55 1.22 3.8
A2 0.29 9.37 1.58 2.14 0.47 0.96 0.47 1.10 11.01 14.8
A3 1.52 1.18 0.17 1.04 1.46 1.56 15.03 9.23 0.63 17.9

Post application 2
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Table 3. PCB Homolog concentrations in sediment porewater 

 

 

Table 4. PCB Homolog concentrations in surface water 

 

 

 

 

 

  

Deploy 3
Homolog 

Grp Sed-1 Sed-2 Sed-3 Sed-1 Sed-2 Sed-3 Sed-1 Sed-2 Sed-3
mono 0.00 0 0 0.00 0.00 0.00 0.00 0.00 0.00

di 0.02 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00
tri 0.23 0.25 0.18 0.06 0.03 0.02 0.07 0.02 0.06

tetra 0.46 0.46 0.28 0.28 0.11 0.06 0.20 0.10 0.12
penta 0.32 0.24 0.12 0.18 0.07 0.05 0.10 0.07 0.06
hex 0.11 0.06 0.03 0.06 0.02 0.02 0.02 0.01 0.01

hepta 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00
octa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
nona 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
deca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Grand Total 1.16 1.03 0.63 0.59 0.24 0.14 0.40 0.21 0.26
% reductions 48.9 76.4 77.1 65.4 80.0 58.8

Deploy 1 Deploy 2

Homolog 
Grp Sed-1 Sed-2 Sed-3 Sed-1 Sed-2 Sed-3 Sed-1 Sed-2 Sed-3

mono 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
di 0.01 0.05 0.03 0.00 0.00 0.00 0.03 0.00 0.00
tri 0.17 0.19 0.17 0.11 0.09 0.10 0.22 0.05 0.03

tetra 0.29 0.32 0.25 0.27 0.21 0.18 0.39 0.16 0.11
penta 0.19 0.19 0.13 0.14 0.11 0.09 0.27 0.13 0.07
hex 0.05 0.04 0.03 0.03 0.02 0.03 0.07 0.04 0.02

hepta 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00
octa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
nona 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
deca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Grand Total 0.72 0.80 0.62 0.56 0.43 0.41 0.98 0.39 0.23
% reductions 22.7 46.7 34.0 -36.7 51.6 62.8

Deploy 1 Deploy 2 Deploy 3
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Site Photographs 

 
BrightFields 0985.94.51 1 December 2020 

 

 
Photo 1 Photo 2 

  
Collection of baseline sediment samples in 

March 2019. 
On-site preparation of passive samplers by 

UMBC in March 2019. 

 
Photo 3 Photo 4 

  
Deployment of passive sampler at location 

ASTREET-SED02 in March 2019. 
Passive sampler after deployment at location 

ASTREET-SED02 in March 2019. 
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Site Photographs 

 
BrightFields 0985.94.51 2 December 2020 

 

 
Photo 5 Photo 6 

  
Collecting baseline pore water samples from 

passive samplers in May 2019. 
Turbidity curtain installed at mouth of ditch 

prior to SediMiteTM application. 

 
Photo 7 Photo 8 

  
Preparing grid cells for SediMiteTM 

application. 
Inoculating SediMiteTM with PCB-degrading 

microorganisms prior to application. 
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Site Photographs 

 
BrightFields 0985.94.51 3 December 2020 

 

 
Photo 9 Photo 10 

  
Application of inoculated SediMiteTM to A-

Street Ditch Segment 1 sediments. 
Inoculated SediMiteTM pellets on sediments 

immediately after application. 

 
Photo 11 Photo 12 

  
UMBC and DNREC preparing passive 

sampler for deployment in October 2019. 
Passive sampler prior to deployment in 

October 2019. 
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BrightFields 0985.94.51 4 December 2020 

 

 
Photo 13 Photo 14 

  
Collection of post-remediation sediment 

samples in October 2019. 
Composited sediment collected from each of 
the three sample locations in October 2019. 

 
Photo 15 Photo 16 

  
Retrieving passive sampler from location 
ASTREET-SED01 in December 2019. 

Retrieval of passive sampler from location 
ASTREET-SED03 in December 2019. 
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Site Photographs 

 
BrightFields 0985.94.51 5 December 2020 

 

 
Photo 17 Photo 18 

  
Collection of post-remediation sediment 

samples in June 2020. 
Collection of ASTREET-SED03 sediment 

sample in June 2020. 

 
Photo 19 Photo 20 

  
Deploying passive sampler at location 

ASTREET-SED02 in June 2020. 
Collection of porewater sample from passive 

sampler in July 2020. 

 
 




