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Assessment of Influential Factors of Hazardous Chemicals Modeling in
Coastal Environment Using Sensitivity Analysis

Kyong Joon Roh and Dong-Myung Kim*

Department of Ecological Engineering, Pukyong National University, Busan 48513, Republic of Korea

Based on the sensitivity analysis conducted during the modeling of hazardous chemicals in coastal environments, of

influential factors and key processes were ranked based on

chemical type, model type, and state variables. Advec-

tion and diffusion were found to have significant influences on the dissolved chemicals. For chemicals in particulate
organic matter, the most influential factors has the following order: the partition coefficient of particulate organic
carbon, adsorption rate, and settling velocity. It is also necessary to conduct a sensitivity analysis of the desorption
rate in future studies. For chemicals in phytoplankton, the bioconcentration factor was the most critical parameter,
and future studies should include a sensitivity analysis of the excretion rate. For polycyclic aromatic hydrocarbons
(PAHs), both the photolysis rate constant and dissipation rate were identified as key influencing factors.
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POPs (persistent organic pollutants), EDCs (endocrine dis-
rupting chemicals), PBTs (persistent bio-accumulative and
toxic substance) 52 2 f-5ff SFekEA o et ¥l A
7} 57VskaL Qi) 8lA|wE, EA(toxicity), 2H+A (persistence),
472l o] d(long-range
S-S 7HAIAL Sl ol 23t E A Eol o3RS
AeiAlS] 292 A o Saskal hFshA vehar glom,
olz Qlsfl 17ke] A7 e Aol Zol2 4= fl= TsiE =
o 7Fs/d o] AAF A A AL QIEH(Kim et al., 2004; Kim, 2011b).
SePAEAL 2 £-2) i BFoRE el that £3h4 ) B7tek fh
2ol el Sl T B shapea ol o] At
&1, A Al w2 = gk, v Bkl whE F §igh oS,
eEwko] Al WE W olof uhE 9jsi4d B7t 5ol Zast
o} o]2|3t H7E Asl] flsiAl= stekEd ol Higt A A
mdo] §-83t =7 7F E 4= glom, 53] Ade S e 2
214 Aglo] ofgle ASo ZdE avtAQl tigre s ggd

522 A (bioaccumulation),
transport) 52 E4&

thAro & tho] L&Al PRCs (perfluorinated com-
(perfluorooctanesulfonic acid), PAHs (polycyclic aromatic
hydrocarbons)e} -2 frafialel=4d el of ek -7k X
%] 11 Qltk(Kim, 2007, 2011a,2011b, 2016; Kim et al., 2011;
Heo et al., 2020). A F A7} A3 3ohz4 5 thol %Al
S(PCDD/DFs)= Hle] =40 2 s B4 §7]9 483
2, tho]8-Al(polychlorinated dibenzo-para-dioxins, PCDDs)
75%1} F-H(polychlorinated dibenzoFurans, PCDFs) 135%
o] ol dAIE =zt F 21089 tES ST ol &
22 3RhE A1) 54 (toxicity), ZH7/d(persistency), 7
2] o]54(long range transport) 52 E/420.2 QI8 Q17Fe] A
7Sk A A ol frafiet dake A= 24 2 (- tH(Fiedler,
1996). 53| tho]%A4le 0| A nLehE 2 (endocrine disrupt-
ing chemicals, EDCs) S0l A= A4 o2 )7} H a3t 31
ShEo R, tofet T8 AT AL ARE Bl HUA, 4T
22 s}, WMo 7] As), 1 4L AAA 7% A, e
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3} G4l 59 §3)Alo] B x| 3l QlthMocarelli et al., 1991).
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167 vl =2 AEAS FEATIH Yol kS 53l
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1996; Lipiatou et al., 1997).
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Sensitivity of state variable (%) = (B-A)/A X 100

o71- Ae HAA ALHE 7t e fg=o] 23] o] B= Al
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2 Aol A ARG-SE HElE] AFH|E Table 19]] Uef it 2
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PAHso|t}. 321 Bl AR} e A] 2l EMT-3D2] &80
o @oron] JejdrA wdo] H85 A9 919tk EMT-3D
7} A8 7% =k oA == 200-1,000 mE o m S=41H
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Table 1. Target regions, chemicals, state variables and applied processes for sensitivity analysis in hazardous chemicals modeling

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Target area Ulsan Bay Gwangyang Bay Tokyo Bay Gwangyang Bay Jinhae Bay Masan Bay
Target chemical Dioxins PFOA PFOA PFOS PAHs PAHs
Applied model EMT-3D EMT-3D EMT-3D Mulit box EMT-3D Mulit box
Model type 3Dfinegid  3Dfinegrid  3-Dfine grid T;Vr?eblg;:f 3-D fine grid Sn":lg;’;
Vertical layer 5 5 1 5 1
Reference Kim (2011b) Kim (2016) Kim (2007) Heo etal. (2020) Kim (2011a)  Kimetal. (2011)

State variables

Chemicals in water, chemicals in particulate organic matter, chemicals in phytoplankton

Applied factor for
sensitivity analysis

Bioconcentration factor of phytoplankton, uptake rate of phytoplankton, excretion rate of phytoplankton, adsorp-
tion rate of organic particulates, desorption rate of organic particulates, partition factor of organic particulates,
sinking velocity of particulate matter, photolysis rate (Case5, Case 6), extinction coefficient (Case 5)

PFOA, Perfluorooctanoic acid; PFOS, Perfluorooctanesulfonic acid; PAHs, Polycyclic aromatic hydrocarbons.
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Table 2. Sensitivity analysis of dissolved chemicals concentration by change of values of parameters

The changes of chemicals in water (%)

Item Dixons PFOA PFOA PFOS PAHs PAHs
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
) ) x1/2 0.456 0.000 0.000 0.000 0.000 0.000
Bioconcentration factor of phytoplankton
X2 -0.910 0.000 0.000 0.000 0.000 -0.001
x1/2 0.001 0.000 0.000 - 0.000 -
Uptake rate of phytoplankton
X2 -0.001 0.000 0.000 - 0.000 -
. x1/2 - - - 0.000 - -0.001
Excretion rate of phytoplankton
x2 - - - 0.000 - 0.000
) x1/2 -3.080 -0.030 0.030 11.870 -0.010 34.903
Adsorption rate of POC
X2 2.081 0.010 -0.020 -16.050 0.000 -34.264
» . x1/2 12.500 0.200 0.410 - 1.640 -
Partition coefficient of POC
x2 -16.192 -0.440 -0.760 - -2.880 -
) x1/2 - - - -16.230 - -34.969
Desorption rate of POC
x2 - - - 18.740 - 40.162
o ) . x1/2 8.872 0.190 0.110 5.800 1.680 38.914
Sinking velocity of particulate matter
X2 -12.623 -0.430 -0.210 -8.000 -2.940 -34.422
. - x1/2 - - - - 6.540 11.471
Photolysis coefficient
X2 - - - - -11.120 -17.107
o . x1/2 - - - - -9.480 -
Extinction coefficient
x2 - - - - 6.370 -

PFOA, Perfluorooctanoic acid; PFOS, Perfluorooctanesulfonic acid; PAHs, Polycyclic aromatic hydrocarbons; POC, Particulate organic

carbon.
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The changes of chemicals in water (%)

Extinction coefficient

Photolysis coefficient

Sinking velocity of particulate matter
Desorption rate of POC

Partition coefficient of POC
Adsorption rate of POC

Excretion rate of phytoplankton
Uptake rate of phytoplankton

Bioconcentration factor of phytoplankton
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PAHs = PFOA mPFOA ®Dixons

Fig. 1. Sensitivity analysis of dissolved chemicals concentration by 3-D fine grid ecosystem model. PAHs, Polycyclic aromatic hydrocar-
bons; PFOA, Perfluorooctanoic acid; POC, Particulate organic carbon.

inst= QAP 715kl iR Rl A Shel MR BER QA fIskel oY BA 45, AREEAS £O2 et
7Hhg 9ol EAGE et on, oo Rt AGEE, itk Yo R wane] AR EAF PFOAS) 39t

Table 3. Sensitivity analysis of chemicals concentration in particulate organic matter by change of values of parameters

The changes of chemicals in POM (%)

Item Dixons PFOA PFOA PFOS PAHs PAHs
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
) ) x1/2 0.403 0.000 0.000 0.000 0.000 0.000
Bioconcentration factor of phytoplankton
X2 -0.775 0.000 0.000 0.000 0.000 -0.001
x1/2 0.001 0.000 0.000 - 0.000 -
Uptake rate of phytoplankton
X2 -0.001 0.000 0.000 - 0.000 -
. x1/2 - - - 0.000 - -0.001
Excretion rate of phytoplankton
x2 - - - 0.000 - 0.000
) x1/2 5.511 -7.290 -5.560 -43.700 1.370 -24 492
Adsorption rate of POC
x2 -2.99%4 3.740 3.160 66.190 -0.680 23.738
» . x1/2 -42.332 -47.900 -48.200 - -47.910 -
Partition coefficient of POC
X2 60.839 83.720 87.380 - 84.870 -
) x1/2 - - - 15.710 - 24.223
Desorption rate of POC
x2 - - - -9.470 - -28.075
o ) ) x1/2 12.016 4.310 2.380 9.550 4.290 42.316
Sinking velocity of particulate matter
X2 -16.967 -8.390 -4.120 -13.150 -7.780 -37.376
. . x1/2 - - - - 6.160 8.638
Photolysis coefficient
X2 - - - - -10.480 -12.882
o . x1/2 - - - - -8.930 -
Extinction coefficient
x2 - - - - 6.000 -

PFOA, Perfluorooctanoic acid; PFOS, Perfluorooctanesulfonic acid; PAHs, Polycyclic aromatic hydrocarbons; POC, Particulate organic
carbon.
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The changes of chemicals in POM (%)

Extinction coefficient

Photolysis coefficient

Sinking velocity of particulate matter
Desorption rate of POC

Partition coefficient of POC
Adsorption rate of POC

Excretion rate of phytoplankton
Uptake rate of phytoplankton

Bioconcentration factor of phytoplankton

PAHs

10 20 30 40 50 60 70 80

PFOA mPFOA mDixons

Fig. 2. Sensitivity analysis of chemicals concentration in particulate organic matter by 3-D fine grid ecosystem model. POM, Particulate
organic matter; PAHs, Polycyclic aromatic hydrocarbons; PFOA, Perfluorooctanoic acid; POC, Particulate organic carbon.
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The changes of chemicals in phytoplankton (%)

Extinction coefficient

Photolysis coefficient

Sinking velocity of particulate matter
Desorption rate of POC

Partition coefficient of POC
Adsorption rate of POC

Excretion rate of phytoplankton
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Bioconcentration factor of phytoplankton ————————————
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PAHs = PFOA ®PFOA ®Dixons

Fig. 3. Sensitivity analysis of chemicals concentration in phytoplankton by 3-D fine grid ecosystem model. PAHs, Polycyclic aromatic
hydrocarbons; PFOA, Perfluorooctanoic acid; POC, Particulate organic carbon.

Table 4. Sensitivity analysis of chemicals concentration in phytoplankton by change of values of parameters

The changes of chemicals in phytoplankton (%)

ltem Dixons PFOA PFOA PFOS PAHs PAHs
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
) ) x1/2 -49.771 -50.070 -49.430 -49.990 -50.040 50.667
Bioconcentration factor of phytoplankton
X2 98.187 100.680 95.330 99.930 100.390 98.667
x1/2 0.005 0.340 -2.340 - 0.190 -
Uptake rate of phytoplankton
X2 -0.002 -0.130 1.150 - -0.090 -
. x1/2 - - - 56.430 - 98.667
Excretion rate of phytoplankton
X2 - - - -27.830 - -50.667
) x1/2 -3.063 -0.010 0.030 13.010 -0.010 34.667
Adsorption rate of POC
X2 2.075 0.020 -0.020 -17.390 0.000 -34.667
» . x1/2 12.467 0.460 0.410 - 1.640 -
Partition coefficient of POC
X2 -16.149 -0.920 -0.760 - -2.880 -
) x1/2 - - - -16.960 - -36.000
Desorption rate of POC
X2 - - - 19.740 - 38.667
o ) . x1/2 8.824 0.460 0.100 6.470 1.680 38.667
Sinking velocity of particulate matter
x2 -12.555 -0.930 -0.200 -8.530 -2.940 -34.667
. . x1/2 - - - - 6.540 10.667
Photolysis coefficient
X2 - - - - -11.120 -17.333
L " x1/2 - - - - -9.480 -
Extinction coefficient
X2 - - - - 6.360 -

PFOA, Perfluorooctanoic acid; PFOS, Perfluorooctanesulfonic acid; PAHs, Polycyclic aromatic hydrocarbons; POC, Particulate organic
carbon.
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