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This study presents the first comprehensive assessment of discharge characteristics and ecological risks asso-
ciated with alkylphenols, specifically nonylphenol (NP) and octylphenol (OP), in industrial wastewater across
Busan, Korea. A total of 146 samples were analyzed revealing detection frequencies of 18% for NP and 54%
of OP. Higher concentrations of both compounds were predominantly observed in wastewater in effluents from
steel and metal processing (NP: ND[not detected] to 21.838 pg/L, OP: ND to 206.053 pg/L) and repair and
car wash facilities (NP: ND to 54.039 pg/L, OP: ND to 60.564 pg/L). The OP concentrations were significantly
higher than those of NP, suggesting its growing use as a replacement for NP following the stricter regulatory
controls on NP. Hazard quotient (HQ) calculations revealed that NP exceeded the high-risk threshold (HQ>1)
in 4.1% of the samples, whereas OP surpassed this threshold in 28.1% of samples, underscoring its greater
potential for environmental harm. Despite average removal efficiencies of 94% NP and 80% for OP in public
sewage treatment plants, the persistence and ecological relevance of these compounds remain concerning. The
findings emphasize the need for targeted monitoring and mitigation strategies to address alkylphenols con-
tamination in industrial effluent.
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Table 1. Industrial categories of facilities in Busan, Korea
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No. Industrial category Number of samples
1 Food industry 15

2 Textile and leather processing 2

3 Petrochemicals 12

4 Steel and metal processing 55

5 Electrical and electronics 3

6 Waste disposal 20

7 Repair and car wash 34

8 Other facilities 5

Total

146
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]
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4-n-Nonylphenol 10 mg/L, 50 pL
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| Dichloromethane 50 mL |

Shaking for 10 min
Separation & Repeat 2 times

| Solvent Layer |

I

| Evaporation |

Phenanthrene-d1o 10 mg/L, 50 pL
Concentration up to 1 mL

| GC/MS |

Fig. 1. Analytical procedure of nonylphenol and octylphenol.
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Table 2. Analytical conditions of GC-MS

- gAle

Parameter

Operating conditions

Column
Inlet temperature
Split ratio
Column flow

Oven temperature

HP-5MS-UI (30 m x 025 mm x 0.25 pm)

290°C
10 : 1
1 mL/min

50°C(1 min) — 20°C/min — 160°C(0 min) — 1°C/min — 200°C(2 min)

— 30°C/min — 320°C(2 min)

Phenanthrene-d10(IS)
4-tert-octylphenol(OP)
4-(2,4-Dimethylheptan-4-yl) phenol(NP1)
4-(2,4-Dimethylheptan-2-yl) phenol(NP2)
4-(3,6-Dimethylheptan-3-yl) phenol(NP3)
4-(3,5-Dimethylheptan-3-yl) phenol(NP4)
4-(2,5-Dimethylheptan-2-yl) phenol(NP5)
4-(3,5-Dimethylheptan-3-yl) phenol(NP6)
4-(3-Ethyl-2-methylhexan-2-yl) phenol(NP7)
4-(3,4-Dimethylheptan-4-yl) phenol(NP8)
4-(3,4-Dimethylheptan-3-yl) phenol(NP9)
4-(3,4-Dimethylheptan-4-yl) phenol(NP10)
4-(2,3-Dimethylheptan-2-yl) phenol(NP11)
4-(3-Methyloctan-3-yl) phenol(NP12)
4-(3,4-Dimethylheptan-3-yl) phenol(NP13)
4-n-nonylphenol(SS)

188 187
135 107
121 107
135 107
149 121
149 121
135 149
149 121
135 107
163 121
149 107
163 135
135 107
149 107
135 107
220 107
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Fig. 2. Concentration of nonylphenol and octylphenol in industrial wastewater samples.
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Table 3. Industrial categories of facilities in Busan, Korea
. . Concentration(pg/L)
Country Region Matrix Reference
Nonylphenol Octylphenol
Busan Wastewater ND?*-54.039 ND-206.053 This study
Seoul Freshwater 0.023-0.188 - Li et al., 2004
Chungcheong-do Freshwater 0.056-0.920 - Lee et al., 2016
Busan Freshwater 0.142-0.569 - Kim et al., 2019
Gyeonggi-do Wastewater 2.2-4.08 15.5-235 Seo et al., 2023
Korea Gwangju Wastewater 0.210-115 0.193-170 Lee et al., 2023
Jeonnam Wastewater Igft%lzzrtlt::NI\I])];"gZ)l E}gﬁiﬁt Egjg:; Lee et al., 2024
Wastewater ND-19.1 ND-184
Gyeonggi-do Freshwater 0.25-0.35 0.39-0.51 Yoon et al, 2024
e N XAy
Spain - Wastewater 6-343 - Sole et al., 2000
Japan - Wastewater 0.08-1.24 0.02-0.48 Isobe et al., 2001
Germany - Wastewater ND-0.77 ND-0.073 Kuch an Ballschmiter, 2001
Iran - Wastewater 0.42-2.12 5.35-54.81 B.Bina et al., 2018

Not detected
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Fig. 3. Concentration of nonylphenol and octylphenol according to industrial categories(ND : below MDL).
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Fig. 5. Ecological risk assessment of nonylphenol and octylphenol in industrial wastewater effluents using the hazard
quotient(HQ).
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Table 5. Concentration of influent and effluent of the public sewage treatment plant

Compounds Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Avg.
Influent  0.641 1.838 1278 1.745 1.751 1904 0800 0.189 0990 0.189 1.132
Nonylphenol b
P Effluent  0.166 0129 0185 ND® 0147 0159 ND ND ND ND 0.078
Removal(%)* 74 93 86 100 92 92 100 100 100 100 -
Lo Inflent 0376 0180 0208 0222 0310 ND ND ND ND  ND 0130
OCK;S“O Efftuent 0160 ND ND ND 0183 ND ND ND ND ND 0034

Removal(%) 57 100 100 100

41 NAC NA NA NA NA -

%(Influent-Effluent) / Influent * 100 (%), *Not detected, °Not available
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Fig. 7. Removal efficiency of nonylphenol and octylphenol
in public sewage treatment plant.
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