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This study aimed to evaluate the discharge characteristics of nonylphenol (NP) and octylphenol (OP) in the
effluent of wastewater treatment facilities in the southern Gyeonggi-do. The detection rates of NP and OP were
found to be 39.3% and 43.1%, respectively, with median values ranging from 1 to 3 pg/L across all industries.
The industries that showed a detection rate of 50% or more were car wash, chemical experiment, fabric leather,
paper wood, and plating facilities, with rates ranging from 50% to 75%, while other industries had detection
rates of 21.7% to 36.8%. In terms of facility size, small-size establishments such as Type 4 and Type 5 showed
higher detection rates in the "Na" region where somewhat relaxed standards are applied on a regional basis.
This is because the proportion of Type 4 and Type 5 industries, including various concentration distributions
of chemical experiments, research facilities, car washes, petrochemical, and plating industries, is higher than
77.7% overall and concentrated at a rate of 55.6% or higher in the “Na” region. Furthermore, the correlation
coefficient (R) between NP and OP exhibited moderate association with values of 0.45 and 0.60 for car washes
and plating industries, respectively. Chemical experiments, paper and wood, electrical and electronic, and med-
icine and hospital facilities showed strong association with correlation coefficients of 0.83, 0.82, 0.82, and 0.79,
respectively. The findings in this study can be expected to serve as fundamental data for NP and OP in the
establishment of water quality pollutants designation and discharge standards (draft) currently being pursued.

Key words: Industrial wastewater, Discharge characteristics, Nonylphenol(NP), Octylphenol(OP), Correlation
coefficient(R)
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Table 1. Water quality standards of nonylphenol(NP) & octylphenol(OP) in various countries

Water quality standards

Pollutant ~ Countries Remarks
(1g/l)
. ) -Aquatic life protection
Iég:g: ggcc N 62 2 - CMC(Criterion Maximum Concentration)
T - CCC(Criterion Continuous Concentration)
‘Inland surface waters
EU AA-EQS : 0.3 - AA-EQS(Annual Average—Environmental Quality Standards)
MAC-EQS : 2.0 - MAC-EQS(Maximum Acceptance Criterion—Environmental Quality
Nonylphenol
Standards)
(NP) .
-Freshwater
Canada 1.0 . .
- Expressed on a TEQ basic using NP TEFs
Organisms A : 1.0
Special A : 0.6 . Lo .
Japan Organisms B : 2.0 - Adaptability of aquatic life habitat(Annual Average)
Special B : 2.0
Octylphenol . .
EU AA-EQS : 0.1 - AA-EQS(Annual Average—Environmental Quality Standards)

(OP)
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Table 2. Number of samples by industry

No Type Number of Samples
1 Car wash facility 34
2 Waste disposal 5
3 Paper-wood 14
4 Printed-circuit board 12
5 Medicine-hospital 19
6  Chemical experiment facility 9
7 Food and beverage 24
8 Research facility 15
9 Fabric leather 10
10 Petrochemistry 9
11 Plating 13
12 Electrical and electronic 18
13 Construction industry 20
14 Others 9
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[ sample 500 mL ]

!

l Adjust pH (SM H.SO.) |

l LS
NaCl 30 g

[ Solvent (DCM=Dichloromethane) 50 mL I

‘ Shaking for 10 min

* Lavyer Separation

l Solvent Laver J

l Na SOs 1~2 g

[ Evaporation by N2 ]

lconcentrmicm up to 1 mL

I Purification by Florisil Cartridge |

!

l Evaporation by N2 I

l concentration up to 1 mL

| GC/MS |

Fig. 1. Sample pre-treatment procedures.
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Table 3. QA/QC of nonylphenol isomers and octylphenol.
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Fig. 2. GC/MS total ion chromatogram.
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Table 4. GC/MS operation conditions
GC Condition

Compound MDL 5 Precision Accuracy
(ug/L) (%) (%)

NP1 046 09995 190  101.2

NP2 036 09993 184  100.0

NP3 0.17 09993  1.84 99.2

NP4 0.12 09996 148 99.6

NP5 0.15 09995  2.40 96.9
Nonyl- NP6 0.17 09996 1.70  100.0
phenol NP7 042 09994 167  100.7
(NP) NP8 036 09997  2.02 102.0
NP9 031 0999  2.15 101.5

NP10 044 09992 148 101.5

NP1l 022 0999 222  100.1

NP12 035 09995 231 99.6

NP13 022 09998 198 1017
Octylphenol (OP)  0.17  0.9984  0.42 98.6

Column DB-5MS UI (30 m x 0.25 mm x 0.25 pum)
Inlet 250°C
Temperature
Injection mode Splitless
Injection
volume 2 pL
Initial : 50°C(2 min)
Oven Ramp 1 : 20°C/min to 160°C, Hold 0 min
Temperature  Ramp 2 : 2°C/min to 185°C, Hold 0 min
Ramp 3 : 30°C/min to 280°C, Hold 5 min
MS Condition
Ton source 250°C
Temperature
Ionization EL 70 eV
mode
Scan range 35~350 amu
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Fig. 3. Concentrations of NP and OP in wastewater based on industry classification.
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Table 5. Industries with NP and OP detected at high
concentrations

Mean Max.
No Indust Pollutant
Y (19L)  (aglL)
. NP 2.6 253
1 Car wash facility
OoP 15.5 235.0
Chemical NP 5.8 40.8
experiment facility oP 252 214.0
. NP 22 9.0
3 Plating
OP 18.1 199.0
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Fig.

4. Concentrations of NP and OP in wastewater based on facility size and region.
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Fig. 5. Correlation coefficient between NP and OP concentrations based on industry.
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