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The Nakdong River runs through highly industrialized and populated areas and has thus been polluted with numer-
ous anthropogenic chemicals. As a growing number of new chemicals have been developed and used, the complexity
of pollution in the receiving water has increased. In this study, LC-HRMS-based quantitative analysis was performed
on 174 micropollutants in order to understand the status of new trace pollutants occurring in the middle and lower
sections of the Nakdong River. In this analysis, 106 substances were detected at concentrations above the LOQ. Ben-
zotriazole, used as a rust inhibitor, showed the highest median concentration, followed by metformin and diethylene
glycol dibenzoate, all with maximum concentrations above 1,000 ng/L. Among pharmaceuticals, metformin, val-
sartanic acid, metoprolol acid, and carbamazepine had high median concentrations. Similarly, high concentrations
were observed for metolachlor ESA, 2-aminobenzimidazole, and flubendiamide among pesticides, and benzotri-
azole, diethylene glycol dibenzoate, and dimethyl phthalate among industrial agents and other substances. The sam-
ple collection point with the highest number of substances detected was point N3, which also showed the greatest
sum of median concentrations. With respect to substance groups, the highest median concentration levels were found
at N2 for pharmaceuticals, N1 for pesticides, and N3 for industrial chemicals. Among the detected trace pollutants,
atotal of 44 substances were selected as priority substances after considering domestic and international water quality
standards, detection concentration and frequency, and toxicity. These substances are suggested for preferential mon-
itoring and management in the middle and lower sections of the Nakdong River.
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Fig. 1. Location of sampling sites in Nakdong River basin.
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Table 1. List of 174 target substances with information on limit of detection (LOD), limit of quantification (LOQ), and recovery

(Rec.)

LOD LOQ Rec. LOD L Rec.

No. Compound (ng/L) (n g/l?) %) No. Compound (ng/L) (H;S) %)

Pharmaceutical
1 2-Acetamidophenol 20 50 719 37 Ketorolac 05 20 98
2 4-acetamidoantipyrine 1.0 100 8 38 Lamotrigine 05 05 &7
3 4-Formylamino antipyrine 05 50 130 39 Lidocaine 01 20 111
4 5,6-Dimethylbenzimidazole 0.1 200 87 40 Lincomycin 05 100 170
5 8-Methoxypsoralen 05 50 8 4] losartan 05 100 108
6 Acetaminophen 20 100 122 42 Mefenamic acid 20 100 104
7 Acetylsalicylic acid 1.0 50 9% 43 Metformin 20 20 75
8 Albendazole sulfoxide 05 200 71 44 Metoprolol 0.1 100 120
9 Amisulpride 05 20 101 45 Metoprolol acid 50 20 98
10 Amoxicillin 20 100 99 46 Naproxen 20 50 95
11 Ampicillin 20 100 105 47 Niflumic acid 05 1.0 13
12 Antipyrine 05 05 98 48 Oseltamivir 05 100 92
13 Atenolol 01 20 98 49 Progesterone 05 100 33
14 Bisoprolol 01 50 125 50 Propafenone 01 1.0 116
15 Caffeine 05 20 123 51 Propranolol 05 20 77
16 Carbamazepine 01 20 120 52 Ranitidine 05 20 113
17 Carbamazepine-10,11-epoxide 05 20 135 53 Ritalinic acid 05 20 73
18 Cefadroxil 50 100 125 54 Sitagliptin 05 20 121
19 Celecoxib 05 200 87 55 Sulfachloropyridazine 1.0 10 111
20 Cetirizine 100 200 84 56 Sulfadiazine 10 50 97
21 Cimetidine 1.0 200 120 57 Sulfadimethoxine 05 1.0 80
22 Climbazole 01 50 & 58 Sulfamerazine 1.0 50 124
23 Deferasirox 05 50 37 59 Sulfamethazine 05 50 99
24 Dibucaine 05 20 97 60 Sulfamethoxazole 05 20 106
25 Diclofenac 01 50 103 o6l Sulfapyridine 1.0 20 135
26 Diphenhydramine 05 50 67 62 Sulfathiazole 05 20 98
27 Estriol 100 200 8 63 Sulpiride 05 20 128
28 Estrone 20 100 67 o4 Tramadol/O-desmethylvenlafaxine 0.1 200 98
29 Etodolac 1.0 200 100 65 Telmisartan 05 20 80
30 Fenbendazole 50 100 79 66 Ticlopidine 05 200 94
31 Fexofenadine 05 100 159 67 Trimethoprim 05 100 115
32 Flecainide acetate 05 50 77 68 Valsartan 1.0 200 71
33 Florfenicol 50 50 78 69 Valsartan acid 05 20 76
34 Fluconazole 1.0 200 157 70 Venlafaxine 05 05 98
35 Fluoxetine 05 20 106 71 Venlafaxine N-Oxide 05 100 114
36 Irbesartan 05 20 &4 72 Vildagliptin 1.0 100 75
Pesticide

1 2-Aminobenzimidazole 01 100 129 30 Hexazinone 05 50 112
2 2-Aminobenzothiazole 01 50 129 31 Imidacloprid 05 100 115
3 2-Hydroxybenzimidazole 1.0 100 93 32 Iprobenfos 0.1 200 &5
4 2-Hydroxybenzothiazole 0.1 200 117 33 Isoprothiolane 05 20 85
5 3-lodo-2-propynyl N-butylcarbamate 1.0 20.0 59 34 Metalaxyl 05 50 114
6  4-Chlorophenyl methyl sulfone 20 100 144 35 Metazachlor 05 50 109
7 Acetamiprid 05 50 108 36 Metconazole 05 20 51
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Table 1. Continued.
LOD LOQ Rec. LOD LOQ Rec.
No. Compound (ne/l) (ngll) (%) No. Compound (ng/L) (ngll) (%)
Pesticide
8 Acetochlor/Alachlor 20 100 119 37 Methabenzthiazuron 05 20 105
9 Ametryn 05 100 109 38 Methiocarb 05 100 112
10 Atraton 01 20 114 39 Metolachlor 05 50 106
11 Azoxystrobin 05 20 111 40  Metolachlor ethanesulfonic acid (ESA) 1.0 200 137
12 Bentazone 20 100 103 41 Metribuzin 01 50 106
13 Benzenesulfonamide 50 100 96 42 Mevinphos 20 100 103
14 Boscalid 20 50 55 43 Myclobutanil 0.1 50 108
15 Carbendazim 0.1 200 126 44 N,N-dimethyl-N'-phenylsulfamide 05 50 43
16 Carbofuran 01 50 115 45 OH-Tebuconazole 01 05 74
17 Chlorotoluron 05 50 108 46 Orbencarb 20 50 92
18 Cyanazine 05 1.0 109 47 Orysastrobin 01 200 147
19 Cyromazine 05 50 109 48 Oxadiazon 20 200 59
20 Diazinon 05 1.0 104 49 Prochloraz 1.0 50 107
21 Diethyltoluamide (DEET) 01 05 112 50 Prometon/Terbumeton 01 20 92
22 Difenoconazole alcohol 20 100 67 51 Prometryn/Terbutryn 01 05 97
23 Dimethenamid 20 50 103 52 Propanil 05 20 108
24 Dimethomorph 05 50 9 53 Propazine 01 100 79
25 Ethoprophos 01 20 70 54 Pyrimethanil 05 100 110
26 Flubendiamide 20 50 51 55 Tebuconazole 05 20 71
27 Fluopyram 1.0 50 8 56 Thiacloprid 05 20 108
28 Fluxapyroxad 05 05 8 57 Thiacloprid amide 1.0 100 173
29 Furalaxyl 05 20 104 58 Tricyclazole 01 100 115
Industrial chemical
1 1,2-benzoisothiazol-3(2H)-one 01 50 9% 23 Tributyl 2-acetylcitrate 05 100 40
2 12-Hydroxydodecanoic acid 100 500 95 24 Tributyl citrate 50 200 169
3 1-Methyl-1H-benzotriazole 01 10 105 25 [LIH2H2HP e(‘;ﬂlzg;ogg;’“e sulfonic acid o\ 50 130
4 2-Methyl-4-isothiazolin-3-one 01 200 8 26 Perfluorobutanesulfonic acid (PFBS) 05 100 272
5 2-Naphthalenesulfonic acid 1.0 20 73 27 Perfluorobutanoic acid (PFBA) 05 100 78
6 3,4-Dimethoxycinnamic acid 20 50 92 28 Perfluorodecanoic acid (PFDA) 10 1.0 91
7 3-hydroxybenzaldehyde 01 100 79 29 Perfluorododecanoic acid (PFDoA) 50 50 79
8 4-/5-Methyl-1H-benzotriazole 0.1 05 112 30  Perfluoroheptanesulfonic acid (PFHpS) 01 100 74
9 4-Hydroxybenzaldehyde 20 50 8 31 Perfluoroheptanoic acid (PFHpA) 20 20 114
10 4-Hydroxybenzoic acid 100 100 123 32 Perfluorohexanesulfonic acid (PFHxS) 0.1 100 116
11 5-Chloro-2-methyl-3-isothiazolone 0.5 100 34 33 Perfluorohexanoic acid (PFHxA) 20 200 124
12 Benzophenone 01 50 77 34 Perfluorononanesulfonic acid (PFNS) 05 100 77
13 Benzotriazole 01 200 145 35 Perfluorononanoic acid (PFNA) 1.0 200 60
14 Bisphenol S 05 100 77 36 Perfluorooctanoic acid (PFOA) 01 50 124
15 Diethyl phthalate 20 200 71 37  Pertluoropentane sulfonic acid (PFPeS) 05 05 104
16 Diethylene glycol dibenzoate 50 200 144 38 Perfluoropentanoic acid (PFPeA) 1.0 20 159
17 Dimethyl phthalate 01 100 61 39 Perfluoroundecanoic acid (PFUnA) 1.0 100 &2
18 Ethylparaben 50 200 61 40 Triethylphosphate (TEP) 01 1.0 79
19 Methyl 3,4-dihydroxybenzoate 100 200 113 41 Trimethylphosphate (TMP) 01 50 111
20 Octaethylene glycol 20 200 51 42 Triphenylphospine oxide (TPPO) 05 100 111
21 Pentaethylene glycol 20 20 101 43  Tris(1-chloro-2-propyl)phosphate (TCPP) 0.1 500 90
22 Propylparaben 100 200 94 44 Tris(2-butoxyethyl)phosphate (TBEP) 0.1 100 &9
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Fig. 2. Quantitative results for (a) pharmaceuticals, (b) pesticides, and (c) industrial chemicals detected above limit of quantification.

Each colors indicates the sub-class in each group classified by the usage.
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Fig. 3. Accumulated concentration within 3 substance group ((a) pharmaceutical, (b) pesticide, and (c) industrial chemical)

at each sampling sites.
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A7 Sl A AR Wl $Ae=EE F5H0l 3l SgEE (PFBS, PFBA, PFHpA, PFHXA, PFPeAyS
= HFHER F, & A7 A" v 2AE Ve FHEOE Adtetat it FHA, G S ok
E4& 3%59=F carbofuran, diazinon, iprobenfos7} ©] FA WollA AEHI=e} 57 =2 E450] 4145
of sttt 9 3Ee] FFEE 20184 3¢ /HES Ak HEA A delA HERIE Ak oS e
Fote] FHEAEARE AHEIJoH B 3A FF = =40 gt S84 =9 ASHEE 0|83
geitt. o] 5 diazinond} iprobenfos= F71MAIE o T ARSI AY EF 1952 albendazole
A= 2ok ol diazinon?] 7% HEE 4271338 sulfoxide, amoxicillin, atenolol, benzotriazole, carbamazepine,
ol sfiggitt. o] fof] Bew FEAEE 29 S
B3k IA W HEE FAFE o E25]o] 9J&=  metformin, metolachlor, metoprolol acid, sulfapyridine,
EZS PFHxS, PFOA, PFOS, alachloro]T}. PFHxS,  sulpiride, TBEP, telmisartan, tramadol, valsartanic acid,
PFOA, PFOSE= 27 2018 8" A 78S §8F  valsartan ©]ol] et vixeto s, woby 9131S 7F
of FAINFERCRE FUIEACH, =l tetd  AAY AEsFol 55 ASE diEHe B2 =%
A7F AAEF 50,0008 o] Aeds e = AR £3Eojof girh Wby AR =
7121l AAPF @53 ¢k PFOA, PFOSE ®&3H Hazardous Substances Data Bank (HSDB, https:/www.
2o AERIEH S AMAIGeZ A4k & ARgo] o] nlmnih.gov/toxnet/index. html)ol| A A|F == HRE &
g TAIZE AAEAL DAL, A oY EES tiAlsl &313itE. HSDB B E Wiol] et eldS vERd Ao
of Ze ARl Fejo] Al FAESIHELC] &ils] AN R didEe EE T tEEE EFEY e 22
H3 k4D olo wle} ZAIGE 7)F B (PFHxS, £ 4502 carbofuran, cyanazine, diazinon, iprobenfos
PFOA, PFOS) ¢] 559 #2 Ad 725 7K & olt}. o] & carbofuran, diazinon®] median TE=& Z}

of

=

carbendazim, cetirizine, cimetidine, dimethyl phthalate,

Table 2. Priority substances suggested in the present study (‘concerned with high cancer risk. "designated by the domestic

regulation).

No. Compound (Do/f; BCF No. Compound (?/OF; BCF
1 Acetochlor/Alachlor® 53 250 23 Metformin 100 3.2
2 Albendazole sulfoxide 85 3.2 24 Metolachlor 33 38

3 Amoxicillin 62 32 25 Metolachlor ESA 100 32
4 Atenolol 92 32 26 Metoprolol acid 78 32
5 Benzotriazole 100 4.1 27 Perfloroheptane sulfonic acid (PFHxS)P 6 32
6 Carbamazepine 100 19 28 Perfluorobutane sulfonic acid (PFBS) 73 32
7 Carbendazim 67 4.7 29 Perfluorobutanoic acid (PFBA) 4 32
8 Carbofuran®? 2 16 30 Perfluoroheptanoic acid (PFHpA) 98 32
9 Cetrizine 92 32 31 Perfluorohexanoic acid (PFHxA) 37 32
10 Cimetidine 65 32 32 Perfluoropentanoic acid (PFPeA) 41 32
11 Climbazole 92 140 33 Perfulorooctanoic acid (PFOA) 96 32
12 Cyanazine® - 4.1 34 Perfluorooctane sulfonic acid (PFOS)P - 32
13 Diazinon®® 12 152 35 Progesterone - 170
14 Dimethyl phthalate 80 53 36 Sulfapyridine 100 32
15 Diphenhydramine - 67 37 Sulpiride 100 32
16 Ethoprophos 49 110 38 Tris(2-butoxyethyl)phosphate (TBEP) 100 21

17 Flecainide 86 140 39 Tebuconazole 100 130
18 Flubendiamide 92 270 40 Telmisartan 100 10

19 Fluxapyroxad 100 90 41 Tramadol 100 25

20 Iprobenfos™ - 74 42 Valsartan acid 92 32
21 Irbesartan 100 1470 43 Valsartan 100 32
22 losartan 85 120 44 Venlafaxine 79 60
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