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Machine learning—based prediction of

apparent adsorption capacity of sediment—

amended activated carbon for hydrophobic

organic contaminants
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1z

RE 1 OE 2 2LEY sl sty @ ALg W4
Model Regression Prediction score
R K Output value & del Selected features Hyperparameter
ramewor mode R2 RMSE
SVR 0.90 0.40 AC SSA, loquw, TQC, C= 10, gam{na? 1, kernel=
Duration, Particle size rbf
log Kac clean max_depth= 10,
RFR 0.90 0.40 BC, AC SSA, logKoy, min_samples_split= 2,
MW, TOC . _
n_estimators= 26
Model 1 MW, logKyy, AC SSA,
SVR 0.82 0.46 AC size, TOC, BC, and | © 1O gamf?sff 1, kernel=
logK Duration
AC,apparent —
max_depth= 10,
RFR 0.83 0.43 BC, AC 554, logKoy, min_samples_split= 2,
MW, TOC )
n_estimators= 26
SVR 0.91 0.38 AC SSA. logk,, Mw | ¢~ 10 gamma’ 1, kernel=
Model 2 logK =
AC,clean AC SSA. logK,,. . max_depth .5,_
RFR 0.89 0.43 . : . min_samples_split= 4,
Duration, Particle size . .
n_estimators= 26
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BC, MW, TOC, Duration,

C= 10, gamma= 1, kernel=

SVR 0.86 0.40 Particle size 'rbf'
log KAC,apparent max_depth= 7
RFR 0.86 0.43 BC, lOgK".W’ MW’ TOC, min_samples_split= 2,
Particle size .
n_estimators= 29
Predicted logKac clean,BC, _ _ _
SVR 0.86 0.42 MW, TOC, Duration, ¢=10, gamf:sf, 1, kernel
Particle size
Model logK .
odel 3 08 Bacapparent Predicted logKaccean AC, max_depth= 12,
RFR 0.83 0.44 AC SSA, MW, TOC, min_samples_split= 2,
Duration, Particle size n_estimators= 20
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8 2. B Stgo] AHEE A HolH

Pollutant name MW particle BET TOC BC duration reference log Kac T
log Ko size

Ant 178 4.45 0.0075 938 0 0 365 (1) 6.3 Clean
NAPH 127.1  5.35 0.0075 938 0 0 365 (1) 7.6 Clean
BaA 228 5.75 0.0075 938 0 0 365 (1) 8.4 Clean
PCB101 326 6.38 0.0075 938 0 0 365 (1) 9.1 Clean
PCB153 361 6.92 0.0075 938 0 0 365 (1) 8.9 Clean
PCB180 395 7.35 0.0075 938 0 0 365 (1) 9.2 Clean
PCB19 188.66 5.19 0.0045 875 0 0 183 (2) 7.39 Clean
PCB18 257 5.24 0.0045 875 0 0 183 (2) 8.21 Clean
PCB45 292 5.53 0.0045 875 0 0 183 (2) 8.7 Clean
PCB22 257 5.58 0.0045 875 0 0 183 (2) 8.22 Clean
PCB51 292 5.63 0.0045 875 0 0 183 (2) 8.06 Clean
PCB26 257 5.66 0.0045 875 0 0 183 (2) 8.4 Clean
PCB40 292 5.66 0.0045 875 0 0 183 (2) 8.77 Clean
PCB25 257 5.67 0.0045 875 0 0 183 (2) 8.42 Clean
PCB28 257 5.67 0.0045 875 0 0 183 (2) 8.47 Clean
PCB31 257 5.67 0.0045 875 0 0 183 (2) 8.41 Clean
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PCB44 292 5.75 0.0045 875 0 0 183 (2) 8.54 Clean
PCB42 292 5.76 0.0045 875 0 0 183 (2) 8.99 Clean
PCB47 292 5.85 0.0045 875 0 0 183 (2) 8.91 Clean
PCB64 292 5.95 0.0045 875 0 0 183 (2) 8.61 Clean
PCB91 326.4 6.13 0.0045 875 0 0 183 (2) 8.08 Clean
PCB74 292 6.2 0.0045 875 0 0 183 (2) 8.87 Clean
PCB118 326.4 6.26 0.0045 875 0 0 183 (2) 9.01 Clean
PCB83 326 6.26 0.0045 875 0 0 183 (2) 8.64 Clean
PCB97 326 6.29 0.0045 875 0 0 183 (2) 8.58 Clean
PCB101 326 6.38 0.0045 875 0 0 183 (2) 9.05 Clean
PCB99 326 6.39 0.0045 875 0 0 183 (2) 9.59 Clean
Di 222 5.1 0.0075 938 0 0 30 (3) 8.12 Clean
Tri 256 5.5 0.0075 938 0 0 30 (3) 8.3 Clean
Tetra 289 5.9 0.0075 938 0 0 30 (3) 9.17 Clean
Penta 323 6.3 0.0075 938 0 0 30 (3) 9.5 Clean
Hexa 357 6.7 0.0075 938 0 0 30 (3) 9.67 Clean
Hepta 391 7.1 0.0075 938 0 0 30 (3) 9.79 Clean
PCB18 257 5.24 0.0044 695.8 0 0 90 (4) 5.24 Clean
PCB45 292 5.53 0.0044 695.8 0 0 90 (4) 5.07 Clean
PCB46 292 5.53 0.0044 695.8 0 0 90 (4) 4.88 Clean
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PCB22 257 5.58 0.0044 695.8 0 0 90 (4) 5.6 Clean
PCB51 292 5.63 0.0044 695.8 0 0 90 (4) 5.58 Clean
PCB26 257 5.66 0.0044 695.8 0 0 90 (4) 5.33 Clean
PCB40 292 5.66 0.0044 695.8 0 0 90 (4) 5.19 Clean
PCB25 257 5.67 0.0044 695.8 0 0 90 (4) 5.47 Clean
PCB28 257 5.67 0.0044 695.8 0 0 90 (4) 5.89 Clean
PCB31 257 5.67 0.0044 695.8 0 0 90 (4) 5.82 Clean
PCB44 292 5.75 0.0044 695.8 0 0 90 (4) 5.58 Clean
PCB42 292 5.76 0.0044 695.8 0 0 90 (4) 5.6 Clean
PCB48 292 5.78 0.0044 695.8 0 0 90 (4) 5.17 Clean
PCB37 257 5.83 0.0044 695.8 0 0 90 (4) 5.53 Clean
PCB47 292 5.85 0.0044 695.8 0 0 90 (4) 5.22 Clean
PCB49 292 5.85 0.0044 695.8 0 0 90 (4) 5.59 Clean
PCB64 292 5.95 0.0044 695.8 0 0 90 (4) 5.6 Clean
PCB74 292 6.2 0.0044 695.8 0 0 90 (4) 5.84 Clean
PCB136 361 6.22 0.0044 695.8 0 0 90 (4) 6.66 Clean
PCB97 326 6.29 0.0044 695.8 0 0 90 (4) 6.93 Clean
PCB85 326 6.3 0.0044 695.8 0 0 90 (4) 6.39 Clean
PCB101 326 6.38 0.0044 695.8 0 0 90 (4) 5.6 Clean
PCB99 326 6.39 0.0044 695.8 0 0 90 (4) 6.43 Clean
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PCB134 361 6.55 0.0044 695.8 0 0 90 (4) 7.01 Clean
PCB132 361 6.58 0.0044 695.8 0 0 90 (4) 7.06 Clean
PCB128 361 6.74 0.0044 695.8 0 0 90 (4) 6.9 Clean
PCB141 361 6.82 0.0044 695.8 0 0 90 (4) 7.52 Clean
PCB146 361 6.89 0.0044 695.8 0 0 90 (4) 7.2 Clean
PCB153 361 6.92 0.0044 695.8 0 0 90 (4) 7.57 Clean
PCB177 395 7.08 0.0044 695.8 0 0 90 (4) 7.63 Clean
PCB174 395 7.11 0.0044 695.8 0 0 90 (4) 7.68 Clean
PCB185 395 7.11 0.0044 695.8 0 0 90 (4) 7.58 Clean
PCB175 395 7.17 0.0044 695.8 0 0 90 (4) 7.84 Clean
PCB183 395 7.2 0.0044 695.8 0 0 90 (4) 7.7 Clean
PCB199 430 7.2 0.0044 695.8 0 0 90 (4) 6.74 Clean
PCB193 395 7.52 0.0044 695.8 0 0 90 (4) 7.76 Clean
PCB191 395 7.55 0.0044 695.8 0 0 90 (4) 7.3 Clean
PCB198 430 7.62 0.0044 695.8 0 0 90 (4) 7.71 Clean
PCB201 430 7.62 0.0044 695.8 0 0 90 (4) 8.26 Clean
PCB207 464 7.74 0.0044 695.8 0 0 90 (4) 7.89 Clean
PCB194 430 7.8 0.0044 695.8 0 0 90 (4) 7.75 Clean
PCB205 430 8 0.0044 695.8 0 0 90 (4) 8.04 Clean
PCB206 464 8.09 0.0044 695.8 0 0 90 (4) 7.99 Clean
o1
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PCB29
PCB(52+49)

PCB69
PCB103
PCB136
PCB101
PCB153
PCB180
di—CB
tri—CB
tetra—CB
penta—CB
tri—CB
tri—CB
hexa—CB
hexa—CB
tetra—CB
tetra—CB
hepta—CB
hepta—CB

257
292

292
326
361
326
361
395
222
256
289
323
323
323
357
357
357
357
391
391

5.6
5.9

6.2
6.22
6.38
6.92
7.4
5.1
5.5
5.9
6.3
6.3
6.3
6.7
6.7
6.7
6.7
7.1
7.1

0.0075
0.0075

0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075

938
938

938
938
938
938
938
938
938
938
938
938
938
938
938
938
938
938
938
938

0.7
0.7

0.7
0.7
0.7
0.7
0.7
0.7
0.83
0.83
0.83
0.83
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5

0.17
0.17

0.17
0.17
0.17
0.17
0.17
0.17
0.258
0.258
0.258
0.258
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

90
90

90
90
90
90
90
90
30
30
30
30
180
180
180
180
180
180
180
180

(5)
(5)

(5)
(5)
(5)
(5)
(5)
(5)
(6)
(6)
(6)
(6)
(7)
(7)
(7)
(7)
(7)
(7)
(7)
(7)

6.3
6.0

6.1
5.8
6.4
6.7
6.7
7.1

6.6

7.3
6.9
6.9
7.6
7.9
7.5
7.5
7.7
7.8

5

S

5

Apparent
Apparent

Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
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penta—CB
penta—CB
octa—CB
octa—CB
tri—CB
tri—CB
tri—CB
hexa—CB
hexa—CB
hexa—CB
tetra—CB
tetra—CB
tetra—CB
hepta—CB
hepta—CB
hepta—CB
penta—CB
penta—CB
penta—CB
octa—CB

391
391
430
430
323
323
323
357
357
357
357
357
357
391
391
391
391
391
391
430

7.1
7.1
7.5
7.5
6.3
6.3
6.3
6.7
6.7
6.7
6.7
6.7
6.7
7.1
7.1
7.1
7.1
7.1
7.1
7.5

0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075

938
938
938
938
938
938
938
938
938
938
938
938
938
938
938
938
938
938
938
938

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

180
180
180
180
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

(7)
(7)
(7)
(7)
(8)
(8)
(8)
(8)
(8)
(8)
(8)
(8)
(8)
(8)
(8)
(8)
(8)
(8)
(8)
(8)

7.6
7.6
7.7
7.8
6.7
7.2
6.9
7.8

7.7
7.1
7.8
7.5
7.9
7.8
7.6
7.3
7.7
7.4
7.7

Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
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octa—CB 430 7.5 0.0075 938 1.5 0.2 30 ®) 7.7 Apparent
octa—CB 430 7.5 0.0075 938 1.5 0.2 30 (8) 7.1 Apparent
PHEN 178 4.07 0.002 1100 2.5 0.51 30 (5) 8.4 Apparent
PYR 202.25 4.54 0.002 1100 2.5 0.51 30 (5) 8.5 Apparent
ANT-d10 188 4.57 0.002 1100 2.5 0.51 30 (5) 7.8 Apparent
FLUO 166.2 4.97 0.002 1100 2.5 0.51 30 (5) 8.7 Apparent
FLUO-d10 166.2 4.97 0.002 1100 2.5 0.51 30 (5) 8.15 Apparent
PCB32 257 5.4 0.002 1100 2.5 0.51 30 (5) 9.8 Apparent
CHRS—d12 240 5.67 0.002 1100 2.5 0.51 30 (5) 7.85 Apparent
B(a)PYR 252.3 6.05 0.002 1100 2.5 0.51 30 (5) 9.5 Apparent
di—CB 222 5.1 0.0075 938 3.22 0.64 30 (6) 6.6 Apparent
tri—CB 256 5.5 0.0075 938 3.22 0.64 30 (6) 7.6 Apparent
tetra—CB 289 5.9 0.0075 938 3.22 0.64 30 (6) 7.3 Apparent
penta—CB 323 6.3 0.0075 938 3.22 0.64 30 (6) 7.1 Apparent
di—CB 222 5.1 0.0075 938 3.7 0.616 30 (6) 7.2 Apparent
tri—CB 256 5.5 0.0075 938 3.7 0.616 30 (6) 7.6 Apparent
tetra—CB 289 5.9 0.0075 938 3.7 0.616 30 (6) 7.2 Apparent
penta—CB 323 6.3 0.0075 938 3.7 0.616 30 (6) 7.1 Apparent
phenanthrene 178 4.07 0.0075 938 4 0.73 365 9 4.5 Apparent
54



phenanthrene
anthracene
anthracene

pyrene

pyrene

fluorene

fluorene
fluoranthene
fluoranthene
benz[alanthracene
benz[alanthracene
benzo [b] fluoranthene
benzo [b] fluoranthene
chrysene

chrysene

benzo [k] fluoranthene
benzo [k] fluoranthene
benzo [al pyrene
benzo [al pyrene

perylene

178
178.2
178.2
202.25
202.25
166.2
166.2
166.2
166.2
228
228
252.3
252.3
228.3
228.3
252.3
252.3
252.3
252.3
252

4.07
4.45
4.45
4.54
4.54
4.97
4.97
5.16
5.16
5.76
5.76
5.78
5.78
5.81
5.81
6.11
6.11
6.13
6.13
6.25

0.0032
0.0075
0.0032
0.0075
0.0032
0.0075
0.0032
0.0075
0.0032
0.0075
0.0032
0.0075
0.0032
0.0075
0.0032
0.0075
0.0032
0.0075
0.0032
0.0075

938
938
938
938
938
938
938
938
938
938
938
938
938
938
938
938
938
938
938
938

GO Y S S Y S N SV S S S U SOV O N SO SO SO S

0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73

365
365
365
365
365
365
365
365
365
365
365
365
365
365
365
365
365
365
365
365

(9)
(9)
(9)
(9)
(9)
(9)
(9)
(9)
(9)
(9)
(9)
(9)
(9)
(9)
(9)
(9)
(9)
(9)
(9)
(9)

4.5
4.3
4.4

4.9
4.9
5.7
5.7
6.3
6.3
5.7
5.7
6.4
6.4
6.4
6.4
6.3

Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
Apparent
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perylene 252 6.25 0.0032 938 4 0.73 365 9 6.4 Apparent
benzo [e] pyrene 252.3  6.44 0.0075 938 4 0.73 365 9) 6.2 Apparent
benzo [e] pyrene 252.3  6.44 0.0032 938 4 0.73 365 9) 6.2 Apparent
benzo[ghi] perylene 276.3 6.7 0.0075 938 4 0.73 365 9) 6.7 Apparent
benzo[ghi] perylene 276.3 6.7 0.0032 938 4 0.73 365 9) 6.8 Apparent
indeno[1,2,3— 276.3 6.7 0.0075 938 4 0.73 365 9 6.8 Apparent
cd]pyrene

indeno[1,2,3~ 276.3 6.7 0.0032 938 4 073 365 9 6.8 Apparent
cd]pyrene

dibenz[ah] anthracene | 278 6.8 0.0075 938 4 0.73 365 9) 6.7 Apparent
dibenz[ah] anthracene | 278 6.8 0.0032 938 4 0.73 365 9) 6.8 Apparent
NAPH 127.1 3.28 0.004444 1012 5.17 0.365 30 (10) 5.5 Apparent
FLU 166.2 3.84 0.004444 1012 5.17 0.365 30 (10) 8.2 Apparent
PHEN 178 4.07 0.004444 1012 5.17 0.365 30 (10) 7.8 Apparent
ANTH 178.2 4.19 0.004444 1012 5.17 0.365 30 (10) 8.2 Apparent
FLUA 202.3 4.5 0.004444 1012 5.17 0.365 30 (10) 8.7 Apparent
PYR 202.25 4.54 0.004444 1012 5.17 0.365 30 (10) 8.5 Apparent
CHRY 228.3 5.14 0.004444 1012 5.17 0.365 30 (10) 8.7 Apparent
BaA 228 5.26 0.004444 1012 5.17 0.365 30 (10) 8.7 Apparent
BaP 252.3 5.83 0.004444 1012 5.17 0.365 30 (10) 8.6 Apparent
BkF 252.3 5.91 0.004444 1012 5.17 0.365 30 (10) 8.7 Apparent
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BbF 252.3 5.94 0.004444 1012 5.17 0.365 30 (10) 8.9 Apparent
1(1,2,3=cd)P 276.3 6.55 0.004444 1012 5.17 0.365 30 (10) 9.2 Apparent
di—CB 222 5.1 0.0075 938 5.17 0.365 30 (6) 7.2 Apparent
tri—CB 256 5.5 0.0075 938 5.17 0.365 30 (6) 7.4 Apparent
tetra—CB 289 5.9 0.0075 938 5.17 0.365 30 (6) 7.1 Apparent
penta—CB 323 6.3 0.0075 938 5.17 0.365 30 (6) 6.7 Apparent
Di 222 5.1 0.0075 938 5.2 0.365 30 (3) 7.06 Apparent
Tri 256 5.5 0.0075 938 5.2 0.365 30 (3) 6.92 Apparent
Tetra 289 5.9 0.0075 938 5.2 0.365 30 (3) 6.6 Apparent
Penta 323 6.3 0.0075 938 5.2 0.365 30 (3) 6.15 Apparent
Hexa 357 6.7 0.0075 938 5.2 0.365 30 (3) 5.5 Apparent
Hepta 391 7.1 0.0075 938 5.2 0.365 30 (3) 5.14 Apparent

L (Choi et al, 2014), 2 (Hale et al, 2010b), 3(Sun et al, 2007), 4 (Zhou et al, 2022), 9(Oen et al, 2012), 6(Sun and Ghosh,

2008), 7 (Zimmerman et al., 2004),8 (Zimmerman et al., 2005), 9 (Choi et al, 2014), 10 (Hale et al, 2010a).
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Abstract

Machine learning—based

prediction of apparent adsorption
capacity of sediment—amended
activated carbon for hydrophobic

organic contaminants
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Contamination of sediments by hydrophobic organic
compounds (HOCs), such as polychlorinated biphenyls and
polycyclic aromatic hydrocarbons, poses significant risks to
human health and the environment. In—situ stabilization using

activated carbon (AC) has emerged as a promising remediation
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method due to its high efficiency and less impact on surrounding
ecosystem. However, due to the complexity sediments possess,
accurately predicting the adsorption capacity of sediment—
amended AC remains challenging, with no existing prediction
model available. In this study, we developed machine learning
models that can accurately predict two types of adsorption
capacity: the clean adsorption capacity of AC (logKyc ciean) .
which is determined in a water—AC system, and the apparent
adsorption capacity (10g Kycapparent), Which is determined in a
sediment—water—AC system. The models were trained using a
dataset of 186 experimental data sets which are obtained from
previous studies. Through feature selection and evaluation, we
identified the most informative features for predicting AC's
adsorption capacity. The models, trained separately for
log Kyc clean and  10g K¢ apparent » Performed the best. The
influencing factors for log K¢ ciean Were the specific surface area
of AC, molecular weight, and logK,, of the adsorbate. On the
other hand, logKycapparent utilized five input variables, which are
the sediment's total organic carbon content and black carbon
content, the size of the activated carbon, the molecular weight of
the compound, and the duration of the experiment. Our prediction
models, employing support vector regression as the selected
algorithm, demonstrated excellent performance, achieving a
coefficient of determination of 0.91 and a root—mean—square

error of 0.38 for log K¢ crean @nd a coefficient of determination of
59
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0.86 and a root—mean—square error of 0.40 for logKycapparent-
This study shows the potential of machine learning in accurately
predicting adsorption capacity and provides valuable insights into
the impact of various factors on the adsorption process. The
findings contribute to the design of effective in—situ remediation
strategies and enhance our understanding of the adsorption
process.

Keywords : sediment contamination, activated carbon, adsorption
capacity, machine learning, hydrophobic organic compounds, prediction

model.
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