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Abstract — We aimed to propose a seawater analysis method for hazardous and notorious substances (HNS) dis-
charged from marine industrial facilities (chloroform, benzene, toluene, dibromochloromethane, p,m-xylene, o-
xylene) and confirm the applicability of existing freshwater environmental analysis methods to seawater. After
heating seawater collected from Bijindo in Tongyeong, it was diluted with a distilled water to various salinity such
as 0,4, 8, 12, 16, 20, 24, 28, and 32%o to determine the effect of salinity on the analysis. The recovery of the target
compounds mostly showed statistically significant differences (p<0.05) depending on the salinity. Therefore, for
the application of the method for water quality pollution using purge-and-trap/GC-MS to seawater, additional
experiments are required for the correction related to salinity. In this study, we determined the accuracy, precision,
limits of quantification, method detection limits for six HNS in seawater and presented their residual concentra-
tions in the vicinity of various marine industrial facilities and Tongyeong coastal area.
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|13F51E (volatile organic compounds,
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Fig. 1. Chromatogram of 30 pg/L target compounds in purified water for peak identification: 1) Chloroform, 2) Benzene, 3) Toluene, 4)
Dibromochloromethane, 5) p,m-Xylene, 6) o-Xylene, *) 1,2-Dichlorobenzene-d, (IS)

Table 1. Physico-chemical property of target compounds

Compounds Molar Formula Molar Mass  Quantifier ~ Qualifier ~ Boiling Point  Solubility in water Vapor Pressure
- g-mol’ m/z m/z C g L"'(20C) kPa (20 C)
Chloroform CHCl, 119.37 83 47, 85 61.2 0.809 259
Benzene C¢Hg 78.12 78 77 80.1 0.6 12.7
Toluene C,H, 92.15 91 92 110.6 0.52 2.8
Dibromochloromethane CHBr,Cl 208.28 129 127, 131 120 2.7 0.7
p,m-Xylene CgH,, 106.17 106 91,77 138.4-139.1 0.162-0.198 0.8-0.9
o0-Xylene CgH,, 106.17 106 91,77 144.4 0.178 0.7
1,2-Dichlorobenzene-d, C,D,Cl, 151.02 152 115, 150
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Table 2. QA/QC value (Ministry of Environment [2011]; Ministry of Environment [2017])
QA/QC Water Quality Standards for drinking water Method for Water Quality Pollution
in Korea[2011] [2017]
Limit of Quantification 0.0005-0.001 mg/L 0.001 mg/L
Calibration curve R? > 0.98 or RSD of Response Factor < 25% R? > 0.98 or RSD of Response Factor < 25%
Precision RSD within +25% RSD <30%
Accuracy 75-125% 75-125%
RSD; Relative standard deviation
A B9 Ak 0% TS FRI5P) S8 AEER A 25% WU Fig 3% B HEES AT ET £
o= WM AR 7Y k) EEAA ol 31439 102 A7 Falol  FANPIF FSH 2L Felskic,
WE}WTAU}(Water Pollution Standard Method[2017]). ¥ 3--of|A] WHAETA ke 27 EEEXEE 029 pg/L, WA 0.15 pg/L,
= WH7E3] (method detection limits, MDLs)SE} A (limits  E54 0.16 pg/L, B2 Z2 2|gk 0.22 pg/L, pm-AL & 0.1
of quantification, LOQs)E Z79317] $18ll 425 IA 758 ug/l 183 o-AFAdo] 0.05 pg/LE SERIENG JFAl= 22
A Jedy] BREQ) 1 pgll) HEE 7@*“7*01 EFEAS 2XEE 094 pgL, WAl 048 pg/L, EF4 0.51 pg/L, TIEERER
A7V Al THE ] gk EESIolh A9 W AEE & 2R 071 pgll, pm-AFA 031 pg/l 12131 0-AFU R 0.17 pg/LE
A& Hste] HATFA] T2 =R 30 pg/lLt HEE BEEd AREEQlth
= AR AR o1E 2488 HEA 0R V7] 24 2K 7] TP, urdsigtEe] o g A RS 99 wiEsl e

P EERAS TSl 717] Aol e S B A5k
& ekt
AL A A
3.1 QA/QC

A EEA 680l tiet APAFR )= FEZEEF 0.99, vl
0.98, <l 0.98, 2R 2 2 0.99, pm-AFLd 0.99 12

0- }Oleﬂ 0.99% ¥ th(Fig. 2).

WHAZESA, A,

Z%pj.t: u] Z%uh:‘—

Table 3° 7148}k

7150 100HA)~700EFA) pg/Ls!
Conservation Act of South Korea[2021]), 3l=o142] td-&E2
YEHS S8l AARNEH/GC-MSHS T8 I=s 7=
= | Qict.

Z3& 11243PH (Water Environment

-10

32 gRE He

Mol jshd ¥ ATl thEET} FA Belskera &
[e]

d& 7P B A1k SR 7 s 94 (salting
ouya el oJsl A5 o 350l VI 0] EokA BgEol

19
7V 73S R ItH(Ueta er al[2015]; Djozan and Assadi[1995]).

=
o, A= Jode] HE VISR 75%~125%, FUEE B AFoMs F Al FA kR AR tidk MR e g

0.8 1.4 1.4
° Chloroform [ d Benzene Toluene
© 1.2 ° 1.2
]

0.6
s 1.0 1.0
8
° 0.8 0.8
© 0.4
£ 0.6 0.6
E]
£ o2 i 0.4 A 0.4
e y=0.358x +0.0091| , y=0.6791x - 0.0813 | ,, | y = 0.5945x - 0.048
o R2 = 0.991 R2 = 0.9837 R? = 0.9832
g 00 0.0 0.0
° 0.0 0.5 1.0 1.5 2.0 25 0.0 0.5 1.0 15 20 25 0.0 0.5 1.0 15 20 25
g 0.4 3.5 2.0

Dibromochloromethane p,m-Xylene o-Xylene
8 30 |
-
@ o 1.5
g 03 2.5
T
s 2.0 1 0
e 0.2 .
o ]
° 1.5
S
S o4 ° 101 0.5
p y=0.1411x-0.001| .| y =1.5542x - 0.1328 y = 0.8394x - 0.0888
g R2 = 0.9883 R2 = 0.9949 R2 =0.9925
< o0 0.0 . , 0.0 .
0.0 0.5 1.0 15 20 25 0.0 0.5 1.0 15 20 25 00 0.5 1.0 15 20 2.5

Amount ratio of target compound to internal standard

Fig. 2. Calibration curve of target compounds.
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Table 3. Precision, accuracy, MDLs and LOQs of target compounds

Compounds Precision (%) Accuracy (%) MDL (png/L) LOQ (pg/L)
Chloroform 11 120 0.29 0.94
Benzene 14 106 0.15 0.48
Toluene 14 101 0.16 0.51
Dibromochloromethane 17 107 0.22 0.71
p,m-Xylene 9 101 0.10 0.31
o-Xylene 8 102 0.05 0.17
200
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150
°
125 = & . J b4 e L ( ¢ °
[ ] 'Y
100 . L . 5 ° ° Average
75
50
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> 0
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Fig. 3. Accuracy of target compounds.
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Fig. 4. Recovery rate of target compounds according to various salinity (%), red regression: 1% experiment, blue regression: 2™ experiment
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3.3 HE AR BM
2 AN E dldEiitEe] o= A% HEEEA Felstaat
= A FjtdAA, B9
sto] HANEHH O = FA300ct. 7+ 4 2
| 7% “§5E Table 4of] JERISITE 2 A72] BE A lA
o] shgkEo] AESH n|wke] ghog AZHA] dgtont 6H
*&?j*l“ T P2 Yo vEke] FEE AEFEAC st-
Aol wliAdlo] 2.17 pg/L, EF<00] 4.92 ug/L, st-4 Xé@ow“ =
Fello] 3.67 pg/L 18] 3L st-6 g EFlo] 3.26 ug/Le] FE

2 AZF o},
Table 4. Concentration of in-situ samples
Site Concentration (pug/L)
Chloroform Benzene Toluene Dibromochloromethane p,m-Xylene o-Xylene
st-1 N.D N.D N.D N.D N.D N.D
st-2 N.D 2.17 4.92 N.D N.D N.D
st-3 N.D N.D N.D N.D N.D N.D
st-4 N.D N.D 3.67 N.D N.D N.D
st-5 N.D N.D N.D N.D N.D N.D
st-6 N.D N.D 3.26 N.D N.D N.D
st-7 N.D N.D N.D N.D N.D N.D
st-8 N.D N.D N.D N.D N.D N.D
st-9 N.D N.D N.D N.D N.D N.D
TY-1 N.D N.D N.D N.D N.D N.D
TY-2 N.D N.D N.D N.D N.D N.D
TY-3 N.D N.D N.D N.D N.D N.D
TY-4 N.D N.D N.D N.D N.D N.D
TY-5 N.D N.D N.D N.D N.D N.D
TY-6 N.D N.D N.D N.D N.D N.D
TY-7 N.D N.D N.D N.D N.D N.D
TY-8 N.D N.D N.D N.D N.D N.D
TY-9 N.D N.D N.D N.D N.D N.D
TY-10 N.D N.D N.D N.D N.D N.D
TY-11 N.D N.D N.D N.D N.D N.D

*N.D = not detected
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