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Details on the experimental procedure for sediment characterization  13 

 14 

The concentrations of polycyclic aromatic hydrocarbons (PAHs) in the sediment samples 15 

were determined by ultrasonic extraction following USEPA Method 3550B as described 16 

elsewhere
1
. The concentrations of 18 parent-PAHs and 20 groups of alkylated-PAH 17 

isomers in the extracts were determined by an analytical method provided in the 18 

following section. The oil and grease contents and total petroleum hydrocarbons of the 19 

sediments were analyzed in ACZ Laboratories (Steamboat Springs, CO). The oil and 20 

grease contents were determined as the n-hexane extractable material by Soxhlet 21 

extraction following USEPA Method 9071B. The total petroleum hydrocarbons were 22 

analyzed following USEPA Method 8015D after extracting the sample by Soxhlet 23 

extraction (USEPA Method 3540). The total organic carbon content was analyzed in 24 

Agvise Laboratories (Northwood, ND) by a carbon analyzer. The black carbon content 25 

was analyzed in Dr. Upal Ghosh’s lab at the University of Maryland Baltimore County 26 

(Catonsville, MD) following the wet chemical oxidation method using sulfuric acid and 27 

potassium dichromate as described in Grossman and Ghosh
2
.  28 

  29 
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Details on the PAH analytical method  30 

 31 

As described in the main text, the analysis of parent- and alkylated-PAHs was performed 32 

using a Gas Chromatograph-Mass spectrometer (GC-MS; Agilent model 6890 and 5973N, 33 

respectively). Firstly, identification of each compound was performed in a scan mode. 34 

Retention times for 18 parent- and 22 alkylated-PAH compounds were determined using 35 

commercially available standards. For alkylated-PAHs of which standards could not be 36 

obtained, an extract of S-1 sediment was used for identification. Each peak of the extract 37 

was identified referring to the literature
3
 and the NIST mass spectral library. 38 

Consequently, retention time windows were determined for following groups of 39 

alkylated-PAH isomers: C1-C4 naphthalenes, C1-C4 fluorenes, C1-C4 phenanthrenes/ 40 

anthracenes, C1-C4 fluoranthenes/pyrenes, and C1-C4 benz[a]anthracenes/chrysenes, the 41 

numbers referring to the numbers of aliphatic carbons attached to the corresponding 42 

parent-PAHs.   43 

Quantification of PAHs was performed in selected ion monitoring mode for better 44 

sensitivity. For alkylated-PAHs, response factors determined for the 22 commercially 45 

available standards were used to estimate the average response factor for each group of 46 

isomers. When no standards were available, the response factor of the closest group was 47 

used as suggested by Stout and Wang
4
 and Hawthorne et al.

5
. The PAH analytical method 48 

developed in this study allows quantitation of 18 parent-PAHs and 20 groups of 49 

alkylated-PAH isomers. Additionally, 22 alkylated-PAH compounds with commercially 50 

available standards can be analyzed individually using the response factor determined for 51 

each compound.   52 
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Details on mass transfer modeling  53 

 54 

According to Werner et al.
6
, the overall mass balance in a sediment slurry where 55 

activated carbon (AC) and polyethylene (PE) passive samplers are added can be written 56 

as  57 
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where Cw (mol cm
-3
) is the aqueous concentration, Ss,fast, Ss,slow, SAC and SPE are the 58 

volumetric concentrations (mol cm
-3
) in fast- and slow-releasing sediment fractions, in 59 

AC, and in PE, respectively; Vw, Vs, VAC and VPE are the volumes (cm
3
) of water, 60 

sediment, AC and PE, respectively; Rs and RAC  are the radii (cm) of sediment and AC, 61 

respectively; ko (cm s
-1
) is the overall mass transfer coefficient for the PE-water boundary 62 

layer; and xPE is the PE thickness (cm). The sediment domain is assumed to be divided 63 

into two fractions, fast- and slow-releasing fractions, operationally defined by PAH 64 

releasing kinetics observed in desorption tests. The boundary layer model is applied for 65 

the mass transfer between PE and water as suggested by many researchers
7-10

. For each 66 

particulate domain, i.e., the two sediment fractions and AC, an intra-particle diffusion 67 

model is applied for the sorption-desorption kinetics as developed by Wu and 68 

Gschwend
11
 and described elsewhere

6, 12
. The boundary conditions for the particulates 69 

were set by assuming no flux at the center of the aggregate and sorption equilibrium at 70 

the aggregate surface. The Matlab code used in this study for the simulation of PAH mass 71 

transfer can be found in Werner et al.
6
  72 
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Details on the laboratory experiments for mass parameter determination  73 

 74 

An aqueous equilibrium test was carried out for S-1 sediment to determine the aqueous 75 

equilibrium concentrations (Cw, ng g
-1
) and the sediment-water distribution coefficients 76 

(Kd, cm
3
 g

-1
). In triplicate 1-L bottles, 950 mL artificial seawater (20 parts per thousand; 77 

ppt) with 1 g L
-1
 sodium azide and 50 g dry wt. sediment were added. After rolling for 14 78 

days at 2 rpm, the bottle was taken and the aqueous phase was separated by coagulation 79 

followed by centrifugation as described in Ghosh et al.
13
. The water samples were 80 

extracted for three times by 40 mL hexane each. The wet sediment samples were also 81 

taken from the bottles and dried, crushed, and extracted by ultrasonic extraction 82 

following USEPA Method 3550B. Assuming linear partitioning between sediment and 83 

water, the sediment-water distribution coefficients are calculated by  84 

 

w

sed
d

C

C
K =  

(2) 

where Csed is the concentration in sediment (mol g
-1
). 85 

The parameters related to the release of the model compounds from S-1 sediment 86 

were determined by sediment desorption tests following a previously described 87 

procedure
14
. In 40 mL vials, triplicate 1.0 g dry wt. sediment samples were contacted 88 

with 1.0 g of Tenax
®
 beads (60-80 mesh; Supelco, Bellefonte, PA) in a slurry phase up to 89 

56 days. The beads were collected and replenished with new beads at time intervals (0.25, 90 

0.5, 1, 3, 7, 28, and 56 days). After the final sampling of the Tenax
®
 beads, the remaining 91 

sediment was collected and analyzed for residual PAH concentration by ultrasonic 92 

extraction for mass balance purposes. The results were fitted to a sediment desorption 93 

kinetic model described in Grathwohl
15
 assuming two contaminant releasing fractions in 94 
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sediment, i.e., fast- and slow-releasing fractions. The mass transfer parameters, fraction 95 

of the slow-releasing sediment particles (fslow, -) and compound release rates from fast- 96 

and slow-releasing sediment particles (kslow and kfast, respectively, s
-1
) were determined by 97 

fitting the model with the experimental results. The sediment desorption tests were also 98 

conducted for S-2 sediment for comparison of those parameters. 99 

The kinetic and equilibrium parameters of AC sorption, i.e., AC-clean water 100 

partitioning coefficients (KAC_clean, cm
3
 g

-1
) and effective intra-particle diffusivity of AC 101 

(DAC,eff, cm
2
 s
-1
), were measured using PE samplers ‘preloaded’ by the site-specific 102 

distribution of contaminants. A similar experimental procedure has been employed by 103 

Hale and Werner
12
. At first, PE strips were preloaded with PAHs by mixing the strips 104 

with S-1 sediment in a slurry phase for 20 weeks. The preloaded PE strips were then 105 

collected, wiped clean, and stored at 4°C until use. Triplicate preloaded PE samples were 106 

analyzed to determine PAH concentrations. As expected, the distribution patterns of 107 

PAHs in the preloaded PE samplers followed the patterns of compound distribution in S-108 

1 sediment as shown in Figure S5. The preloaded concentrations were 89.9±1.0 µg g
-1
 109 

and 1910±130 µg g
-1
 as total parent-PAHs and alkylated-PAHs, respectively 110 

(average±standard deviation, n=3). Using the preloaded PEs, the AC sorption test was set 111 

up with two different particle sizes of AC (75-150 and <45 µm) in clean water. In a 250-112 

mL amber bottle, a 2.5 cm × 10 cm strip of the preloaded PE and approximately 10 mg of 113 

AC were added, and the bottle was filled with 20 ppt artificial seawater containing 1 g L
-1
 114 

sodium azide. The bottles were placed on a horizontal shaker at 60 rpm for adequate 115 

mixing. After 6 and 12 months, triplicate bottles were sacrificed to measure the residual 116 

concentration in the PE. The PAH concentrations in AC is calculated by 117 
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where CAC is the concentration (mol g
-1
) in AC after the contact; VPE and Vw are the 118 

volumes (cm
3
) of PE and water, respectively; SPE0 and SPE are the volumetric 119 

concentrations (mol cm
-3
) in the preloaded PE before and after the contact, respectively; 120 

KPE is the PE-water partitioning coefficient (cm water cm
-1
 PE); and MAC is the mass of 121 

AC added in the bottle (g). For <45 µm AC, the concentrations in AC did not increase 122 

after 6 months indicating that the system has reached (quasi-)equilibrium. Therefore, the 123 

6- and 12-month data for <45 µm AC were used to determine the AC-clean water 124 

partitioning coefficient (KAC_clean, cm
3
 g

-1
) by 125 

 

PEPE

AC
cleanAC

KS

C
K

/
_ =  

(4) 

The linear sorption isotherm has been shown to be appropriate for the low 126 

aqueous concentrations as observed in these tests
16
. The data for 75-150 µm AC were 127 

fitted with the mass transfer model shown in Eq. (1) substituting Vs=0 (no sediment 128 

particles) to determine effective intra-particle diffusivity of AC (Deff,AC, cm
2
 s
-1
). 129 

  130 
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Further discussion on the results of AC performance tests with S-2 sediment  131 

 132 

For S-2 sediment with <32 um AC (5% AC dose), the reductions in the uptake in 133 

PE for total PAHs showed a slight decrease from 98% at 1 month to 95% at 12 months 134 

over time (Student’s t-test, p<0.05) as shown in Figure 2. A closer inspection of the data 135 

for each compound suggests that the mass transfer processes in this setting was still in 136 

progress towards a thermodynamic endpoint with time (Table S7 of the SI). The 137 

reductions for the high molecular weight PAHs increased as the molecules diffused into 138 

the AC particles over time.  For example, the reductions for BaA and BghiP increased 139 

from 98.5% and 96.9% at 1 month to 99.8% and >99.2% at 12 months, respectively. A 140 

few low molecular weight PAHs such as naphthalene, acenaphthene, and 141 

alkylnaphthalenes showed slight decrease in reduction over time, which contributed 142 

significantly to the total amounts of PAH uptake in PE. The possible explanation for this 143 

increase in uptake in PE over time for low molecular weight PAHs is that the sorption 144 

sites initially occupied by these compounds were taken up by high molecular weight 145 

PAHs, which diffuse slowly into the AC particles but have higher affinity to AC, 146 

resulting in the release of the low molecular weight compounds back to the aqueous 147 

phase and PE. The displacement of adsorbed molecules by compounds with higher 148 

affinity to AC has been well described in many studies
17-18

. 149 

 150 

  151 
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Table S1. Physicochemical properties of activated carbon (Type TOG, 50×200, Calgon 152 

Corporation, Pittsburg, PA) used in this study. 153 

 Specific surface area
19-20

 

(m
2
 g
-1
)  

Organic carbon content
20
 

(%) 

Specific micropore area
19
 

(m
2
 g
-1
)  

720-1030 0.87 430 

  154 
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Table S2. List of 18 parent-PAHs and 20 groups of alkylated-PAHs and their method 155 

detection limits (MDLs) for the determination of the concentrations in 40 mg (51 µm 156 

thickness, cut in 2.5 cm × 2.5 cm) polyethylene. 157 

Parent-PAHs Alkylated-PAHs 

Compound MDL 

(ng g
-1
) 

Isomer group MDL 

(ng g
-1
) 

Naphthalene (NAPH) 33 C1-NAPH 63 

Acenaphthylene (ACENY) 3.5 C2-NAPH 230 

Acenaphthene (ACEN) 15 C3-NAPH 100 

Fluorene (FLUO) 23 C4-NAPH 34 

Phenanthrene (PHEN) 23 C1-FLUO 110 

Anthracene (ANTH) 12 C2-FLUO 91 

Fluoranthene (FLUA) 140 C3-FLUO 790 

Pyrene (PYR) 3.3 C4-FLUO 42 

Benz[a]anthracene (B[a]A) 5.5 C1-PHEN/ANTH 40 

Chrysene (CHRY) 6.3 C2-PHEN/ANTH 83 

Benzo[b]fluoranthene (B[b]F) 12 C3-PHEN/ANTH 46 

Benzo[k]fluoranthene (B[k]F) 14 C4-PHEN/ANTH 620 

Benzo[e]pyrene (B[e]P) 17 C1-FLUA/PYR 30 

Benzo[a]pyrene (B[a]P) 13 C2-FLUA/PYR 350 

Perylene (PER) 2.9 C3-FLUA/PYR 350 

Indeno[1,2,3-cd]pyrene (I[1,2,3-cd]P) 10 C4-FLUA/PYR 310 

Dibenz[a,h]anthracene (D[ah]A) 15 C1-BaA/CHRY 120 

Benzo[ghi]perylene (B[ghi]P) 18 C2-BaA/CHRY 450 

  C3-BaA/CHRY 230 

  C4-BaA/CHRY 240 
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Table S3. List of 22 alkylated-PAH compounds used for alkylated-PAH analysis in this 158 

study. 159 

Group of isomers Compound name 

C1-naphthalenes 1-methylnaphthalene  

2-methylnaphthalene 

C2-naphthalenes 1,2-dimethylnaphthalene 

1,3-dimethylnaphthalene 

1,4-dimethylnaphthalene 

1,8-dimethylnaphthalene 

2,6-dimethylnaphthalene 

C3-naphthalenes 2,3,5-trimethylnaphthalene 

2,3,6-trimethylnaphthalene 

C4-naphthalenes 1,4,6,7-tetramethylnaphthalene 

C1-fluorenes 1-methylfluorene 

C1-phenanthrenes/anthracenes 1-methylphenanthrene 

2-methylphenanthrene 

1-methylanthracene 

2-methylanthracene 

C2-phenanthrenes/anthracenes 3,6-dimethylphenanthrene 

9,10-dimethylanthracene 

2-ethylanthracene 

C1-fluoranthenes/pyrenes 1-methylpyrene 

C1-benz[a]anthracenes/chrysenes 7-methylbenz[a]anthracene 

6-methylchrysene 

C2-benz[a]anthracenes/chrysenes 7,12-dimethylbenz[a]anthracene 

 160 
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Table S4. List of input parameters for the mass transfer model related to mass transfer 161 

processes in the sediment-water-activated carbon (AC)-polyethylene (PE) system. 162 

Parameter Annotation 

(unit) 

Determination method 

Aqueous equilibrium concentration Cw (mol cm
-3
) Aqueous equilibrium test 

Sediment-water distribution coefficient Kd (cm
3
 g

-1
) Aqueous equilibrium test 

Compound release rate from fast-releasing 

sediment particles 

kfast (s
-1
) Sediment desorption test 

Compound release rate from slow-releasing 

sediment particles 

kslow (s
-1
) Sediment desorption test 

Fraction of slow-releasing particles fslow (-) Sediment desorption test 

AC-water partitioning coefficient KAC (cm
3
 g

-1
) AC sorption test 

Effective intra-particle diffusivity of AC Deff,AC (cm
2
 s

-1
) AC sorption test 

PE-water partitioning coefficient KPE (-) Unpublished data
a
 

Overall mass transfer coefficient for PE and water  ko (cm s
-1
) Booij et al.

7
 

a 
Measured at 20°C with 20 ppt salinity, manuscript in review. 163 

  164 
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Table S5. Physicochemical properties and PAH concentrations for the sediment samples 165 

used in this study. Values in parentheses represent standard deviations for triplicate 166 

measurements. 167 

Sediment sample S-1  S-2
a
  

Total organic carbon content (%) 4.0 (±0.1) - 

Black carbon content (%) 0.73 (±0.07) - 

Total petroleum hydrocarbon (mg kg
-1
) 3740 23000 

Oil and grease content (mg kg
-1
) 10800 20400 

Total parent-PAHs
b
 (mg kg

-1
) 11.6 (±4.3) 45.4 (±2.0) 

Total alkylated-PAHs
c
 (mg kg

-1
) 114 (±16) 2510 (±280) 

Total PAHs (mg kg
-1
) 125 (±17) 2550 (±290) 

a
Total organic carbon and black carbon contents are expected to be similar for the two 168 

sediments sampled in close locations and analyzed only for S-1. 169 

b
Sum of the 18 parent-PAHs.  170 

c
Sum of 20 groups of alkylated-PAHs ranging from C1- to C4-PAHs.  171 

b,c
List of the parent- and alkylated-PAHs can be found in Table S2. 172 

  173 
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Table S6. Desorption parameters for S-2 and S-1 sediments determined by sediment 174 

desorption tests. 175 

Compound S-2  S-1  

kfast (s
-1
) kslow (s

-1
) fslow (-) kfast (s

-1
) kslow (s

-1
) fslow (-) 

ANTH 1.1×10
-5
 2.5×10

-8
 0.07 1.9×10

-6
 4.1×10

-8
 0.31 

PYR 8.8×10
-6
 1.1×10

-8
 0.08 4.1×10

-6
 5.3×10

-8
 0.18 

BaA 6.8×10
-6
 3.2×10

-9
 0.20 3.2×10

-6
 1.5×10

-7
 0.35 

BaP 2.5×10
-6
 5.3×10

-9
 0.32 5.3×10

-7
 2.5×10

-8
 0.25 

BghiP 1.5×10
-6
 1.9×10

-9
 0.41 3.2×10

-7
 3.2×10

-8
 0.44 

2-NAPH 8.8×10
-6
 5.3×10

-9
 0.23 1.9×10

-6
 1.9×10

-8
 0.39 

1,4,6,7-NAPH 1.1×10
-5
 8.8×10

-8
 0.02 8.8×10

-6
 2.5×10

-7
 0.14 

2-ANTH 1.1×10
-5
 5.3×10

-8
 0.06 1.9×10

-6
 5.3×10

-8
 0.37 

7-BaA 5.3×10
-6
 1.5×10

-8
 0.15 1.1×10

-6
 4.1×10

-8
 0.20 

  176 
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Table S7. Activated carbon performance test results using S-2 sediment for 18 parent-PAHs and 20 groups of alkylated-PAH isomers 177 

shown as relative uptake in PE (%) compared to controls (no AC addition). The data are shown as average ± one standard deviation of 178 

triplicate measurements. 179 

Compound 75-150 µm AC, 5% <32 µm AC, 5% 

1 month 2 month 8 month 12 month 1 month 2 month 8 month 12 month 

Parent-PAHs         

NAPH 1.9±1.3 0.7±0.3 3.6±2.1 2.5±1.2 4.2±1.5 3.8±1.4 8.2±4.4 9.1±5.5 

ACENY 37.2±13.9 22.3±6.9 23.0±7.8 152.9±64.2 29.5±9.9 30.2±7.8 26.3±9.1 25.1±7.6 

ACEN 1.6±0.8 0.9±0.3 2.5±0.7 3.1±1.1 2.7±0.5 3.3±1.1 4.5±0.9 4.6±1.3 

FLUO 2.6±0.8 1.4±0.3 1.9±0.6 1.8±0.6 1.7±0.5 2.6±0.7 2.6±0.7 2.5±0.8 

PHEN 0.7±0.2 0.3±0.1 0.5±0.1 0.2±0.1 0.4±0.1 0.5±0.2 0.5±0.1 0.5±0.2 

ANTH 3.2±0.5 1.9±0.5 2.0±0.4 0.4±0.1 1.2±0.4 1.2±0.6 1.2±0.3 1.1±0.4 

FLUA 3.1±0.4 3.0±0.9 <2.2 <1.5 <2.0 <2.3 <2.0 <1.5 

PYR 3.5±0.8 2.5±0.9 0.4±0.1 0.2±0.0 0.4±0.1 0.4±0.2 0.2±0.0 0.2±0.0 

B[a]A 4.3±1.3 2.9±1.0 1.4±0.4 0.6±0.3 1.5±1.1 1.0±0.4 0.4±0.2 0.2±0.1 

CHRY 4.6±0.9 3.0±0.7 0.9±0.2 0.6±0.2 0.5±0.2 0.4±0.1 0.3±0.1 0.2±0.1 

B[b]F 7.7±3.8 5.0±1.2 1.6±0.5 0.8±0.5 1.2±0.7 0.8±0.2 <0.5 <0.4 

B[k]F 10.0±4.8 7.4±1.9 2.5±0.6 1.2±0.4 1.6±0.7 1.2±0.5 <0.9 <0.6 

B[e]P 8.3±4.1 5.3±1.2 1.8±0.5 1.2±0.6 1.1±0.4 0.9±0.4 <1.0 <0.7 

B[a]P 9.4±2.3 6.5±1.8 1.6±0.5 0.5±0.3 1.1±0.2 1.6±0.3 <0.6 <0.4 

PER 38.5±7.4 20.2±7.7 9.8±3.8 35.4±22.4 5.2±1.0 5.9±1.9 <3.1 <1.6 

I[1,2,3-cd]P 25.4±3.5 19.2±3.8 7.0±1.7 <0.7 4.5±0.5 5.7±2.3 <1.1 <0.7 

D[ah]A 18.8±2.7 12.0±2.6 <4.5 9.4±4.6 <4.5 <4.4 <3.9 <2.7 

B[ghi]P 25.1±6.9 17.6±2.9 5.1±1.8 <0.8 3.1±0.5 3.9±2.1 <1.3 <0.8 

Total Parent-PAHs 1.9±0.1 1.3±0.2 1.7±0.2 1.8±0.5 1.1±0.2 1.5±0.4 2.1±0.2 2.2±0.4 

180 
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Table S7 (continued) 181 
 182 
Compound 75-150 µm AC, 5% <32 µm AC, 5% 

1 month 2 month 8 month 12 month 1 month 2 month 8 month 12 month 

Alkylated-PAHs         

C1-NAPH 0.9±0.5 0.6±0.2 3.1±1.3 3.3±3.1 2.8±0.7 3.9±1.5 6.9±2.3 7.0±3.0 

C2-NAPH 1.8±0.9 1.0±0.3 2.8±0.8 3.5±1.8 2.4±0.6 3.3±1.2 4.7±0.9 4.9±1.4 

C3-NAPH 2.6±1.1 1.5±0.5 2.8±0.8 3.7±1.5 1.7±0.3 2.7±0.9 3.6±0.8 3.8±1.0 

C4-NAPH 5.0±1.9 3.4±1.1 4.3±1.2 5.5±1.8 2.3±0.5 3.6±1.2 4.7±1.2 4.9±1.3 

C1-FLUO 1.8±0.8 1.0±0.4 1.3±0.4 1.7±0.5 1.0±0.1 1.5±0.4 1.5±0.4 1.6±0.3 

C2-FLUO 4.4±1.2 2.7±0.8 1.7±0.5 1.9±0.5 1.0±0.2 1.4±0.5 1.4±0.4 1.4±0.3 

C3-FLUO 9.2±8.1 7.5±1.2 3.4±1.0 2.9±0.7 1.7±0.2 1.9±1.0 2.1±0.5 1.8±0.4 

C4-FLUO 32.0±5.3 18.9±2.3 3.5±1.0 2.7±0.7 1.2±0.2 1.6±0.6 1.5±0.4 1.4±0.4 

C1-ANTH/PHEN 1.4±0.2 0.9±0.3 0.7±0.1 0.7±0.2 0.4±0.1 0.7±0.2 0.5±0.1 0.5±0.1 

C2-ANTH/PHEN 4.3±0.8 2.5±0.6 1.0±0.2 0.9±0.2 0.5±0.0 0.7±0.3 0.5±0.1 0.4±0.1 

C3-ANTH/PHEN 15.7±2.8 8.5±2.5 1.7±0.4 1.2±0.4 0.6±0.0 0.8±0.3 0.5±0.1 0.4±0.1 

C4-ANTH/PHEN 40.0±3.3 23.4±6.8 4.7±1.3 2.5±1.0 <1.6 1.6±0.6 <1.3 <0.9 

C1-FLUA/PYR 8.3±1.4 4.9±0.9 1.1±0.3 0.9±0.3 0.6±0.1 0.9±0.5 0.4±0.1 0.4±0.1 

C2-FLUA/PYR 15.4±2.4 9.2±1.9 2.1±0.5 1.4±0.6 <1.6 <1.4 <1.3 <0.8 

C3-FLUA/PYR 33.9±6.0 20.7±4.9 5.5±1.4 3.3±1.9 <5.4 <4.5 <3.7 <2.4 

C4-FLUA/PYR 62.8±15.6 39.2±9.9 <10.6 <5.9 <13.2 <11.5 <9.3 <5.8 

C1-B[a]A/CHRY 57.2±72.5 8.8±2.2 2.9±0.7 1.7±0.7 <2.1 2.0±0.7 <2.4 <1.6 

C2-B[a]A/CHRY 30.5±10.1 16.8±3.9 <7.8 <4.4 <6.8 <6.2 <6.9 <4.3 

C3-B[a]A/CHRY 50.7±19.3 41.2±9.4 <12.7 <7.1 <8.8 <10.3 <11.1 <7.0 

C4-B[a]A/CHRY 67.9±0.0 49.3±5.9 <26.4 <14.0 <19.8 <20.1 <23.1 <13.7 

Total alkylated-PAHs 3.3±0.4 2.5±0.5 3.6±0.4 4.2±1.6 1.8±0.3 3.1±1.0 4.3±0.3 4.7±0.7 

         

Total PAHs 3.3±0.1 2.4±0.7 3.5±0.3 4.2±1.9 1.8±0.1 3.0±1.4 4.2±0.2 4.7±0.8 
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Figure S1. Concentrations of (a) 18 parent-PAHs and (b) 20 groups of alkylated-PAH 183 

isomers in the two sediment samples (S-1 and S-2) used in this study. The error bars 184 

represent one standard deviation of the triplicate measurements.  185 

 186 

 187 

  188 
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Figure S2. Relative uptake of (a) parent-PAHs and (b) alkylated-PAHs in polyethylene 189 

(PE) samplers compared to controls (no AC addition) after contacting S-2 sediment and 190 

AC with different size ranges for 1, 2, 8, and 12 months in sediment slurry tests. The 191 

error bars represent one standard deviation of the triplicate measurements. 192 

 193 

 194 
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Figure S3. Correlation between the AC-clean water partitioning coefficients (KAC_clean) 195 

measured in this study and the octanol-water partitioning coefficients (Kow) for the nine 196 

PAH model compounds. The error bars represent one standard deviation of the triplicate 197 

measurements. 198 

 199 

  200 
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Figure S4. Simulation results versus experimental data for the AC performance tests 201 

using S-1 sediment and (a) 75-300 µm AC at 5% and 10% dose and (b) 75-150 µm and 202 

32-75 µm AC at 5% dose for nine model PAH compounds selected in this study. Data are 203 

shown as relative uptake in polyethylene (PE) samplers compared to controls (no AC 204 

addition). The error bars represent one standard deviation of the triplicate measurements. 205 

 206 

(a) 75-300 µm AC, 5% and 10% 207 

 208 
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(b) 75-150 µm and 32-75 µm AC, 5% 209 

 210 

  211 
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Figure S5. Concentrations of (a) 18 parent-PAHs and (b) 20 groups of alkylated-PAH 212 

isomers in polyethylene (PE) samplers preloaded with S-1 sediment for 20 weeks. The 213 

error bars represent one standard deviation of the triplicate measurements. 214 

 215 

 216 

  217 



 23

References  218 

 219 

(1) Ghosh, U.; Gillette, J. S.; Luthy, R. G.; Zare, R. N. Microscale location, 220 

characterization, and association of polycyclic aromatic hydrocarbons on harbor sediment 221 

particles. Environ. Sci. Technol. 2000, 34 (9), 1729-1736. 222 

(2) Grossman, A.; Ghosh, U. Measurement of activated carbon and other black carbons in 223 

sediments. Chemosphere 2009, 75 (4), 469-475. 224 

(3) Wang, Z.; Li, K.; Lambert, P.; Yang, C. Identification, characterization and 225 

quantitation of pyrogenic polycylic aromatic hydrocarbons and other organic compounds 226 

in tire fire products. J. Chromatogr. A 2007, 1139 (1), 14-26. 227 

(4) Stout, S. A.; Wang, Z. Chemical fingerprinting of spilled or discharged petroleum - 228 

methods and factors affecting petroleum fingerprinting in the environment. In Oil Spill 229 

Environmental Forensics: Fingerprinting and Source Identification; Wang, Z., Stout, S. 230 

A., Eds.; Academic Press: Oxford, U.K., 2007. 231 

(5) Hawthorne, S. B.; Miller, D. J.; Kreitinger, J. P. Measurement of total polycyclic 232 

aromatic hydrocarbon concentrations in sediments and toxic units used for estimating risk 233 

to benthic invertebrates at manufactured gas plant sites. Environ. Toxicol. Chem. 2006, 234 

25 (1), 287-296. 235 

(6) Werner, D.; Ghosh, U.; Luthy, R. G. Modeling polychlorinated biphenyl mass 236 

transfer after amendment of contaminated sediment with activated carbon. Environ. Sci. 237 

Technol. 2006, 40 (13), 4211-4218. 238 

(7) Booij, K.; Hofmans, H. E.; Fischer, C. V.; Van Weerlee, E. M. Temperature-239 

dependent uptake rates of nonpolar organic compounds by semipermeable membrane 240 



 24

devices and low-density polyethylene membranes. Environ. Sci. Technol. 2003, 37 (2), 241 

361-366. 242 

(8) Huckins, J. N.; Petty, J. D.; Booij, K. Monitors of Organic Chemicals in the 243 

Environment; Springer: New York, NY, 2006. 244 

(9) Tomaszewski, J. E.; Luthy, R. G. Field deployment of polyethylene devices to 245 

measure PCB concentrations in pore water of contaminated sediment. Environ. Sci. 246 

Technol. 2008, 42 (16), 6086-6091. 247 

(10) Hale, S. E.; Martin, T. J.; Goss, K. U.; Arp, H. P.; Werner, D. Partitioning of 248 

organochlorine pesticides from water to polyethylene passive samplers. Environ. Pollut. 249 

2010, 158 (7), 2511-2517. 250 

(11) Wu, S.-C., Gschwend, P.M. Numerical modeling of sorption kinetics of organic 251 

compounds to soil and sediment properties. Water Resour. Res. 1988, 24 (8), 1373-1383. 252 

(12) Hale, S. E.; Werner, D. Modeling the mass transfer of hydrophobic organic 253 

pollutants in briefly and continuously mixed sediment after amendment with activated 254 

carbon. Environ. Sci. Technol. 2010, 44 (9), 3381-3387. 255 

(13) Ghosh, U.; Weber, A. S.; Jensen, J. N.; Smith, J. R. Relationship between PCB 256 

desorption equilibrium, kinetics, and availability during land biotreatment. Environ. Sci. 257 

Technol. 2000, 34 (12), 2542-2548. 258 

(14) Zimmerman, J. R.; Ghosh, U.; Millward, R. N.; Bridges, T. S.; Luthy, R. G. 259 

Addition of carbon sorbents to reduce PCB and PAH bioavailability in marine sediments: 260 

Physicochemical tests. Environ. Sci. Technol. 2004, 38 (20), 5458-5464. 261 

(15) Grathwohl, P. Diffusion in Natural Porous Media: Contaminant Transport, 262 

Sorption/Desorption and Dissolution Kinetics; Kluwer: Boston, MA, 1998. 263 



 25

(16) Walters, R. W.; Luthy, R. G. Equilibrium adsorption of polycyclic aromatic-264 

hydrocarbons from water onto activated carbon. Environ. Sci. Technol. 1984, 18 (6), 395-265 

403. 266 

(17) Lillo-Rodenas, M. A.; Fletcher, A. J.; Thomas, K. M.; Cazorla-Amoros, D.; Linares-267 

Solano, A. Competitive adsorption of a benzene-toluene mixture on activated carbons at 268 

low concentration. Carbon 2006, 44 (8), 1455-1463. 269 

(18) Sulaymon, A. H.; Ahmed, K. W. Competitive adsorption of furfural and phenolic 270 

compounds onto activated carbon in fixed bed column. Environ. Sci. Technol. 2008, 42 271 

(2), 392-397. 272 

(19) Kim, E. A.; Seyfferth, A. L.; Fendorf, S.; Luthy, R. G. Immobilization of Hg(II) in 273 

water with polysulfide-rubber (PSR) polymer-coated activated carbon. Water Res. 2011, 274 

45 (2), 453-460. 275 

(20) McLeod, P. B.; Van Den Heuvel-Greve, M. J.; Allen-King, R. M.; Luoma, S. N.; 276 

Luthy, R. G. Effects of particulate carbonaceous matter on the bioavailability of 277 

benzo[a]pyrene and 2,2 ',5,5 '-tetrachlorobiphenyl to the clam, Macoma balthica. Environ. 278 

Sci. Technol. 2004, 38 (17), 4549-4556. 279 

 280 

 281 


