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(Environ. Sci. Technol. 2010, 44, 4142-4148; Science Editors' Choice 2010, 328, 1077;

Atmos. Chem. Phys., 2012, 12, 11125-11133; Environ. Sci. Technol. 2012, 46,

13160-13166, Environ. Sci. Technol. 2015, 49, 12816-12822)
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(Environ. Sci. Technol., 2011, 45, 2202-2208; Environ. Sci. Technol., 2015, 49,

10937-10944)
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(Environ. Sci.

Technol., 2014, 48, 2097-2098; Chem. Res. Toxicol. 2013, 26, 313-324; Anal. Bioanal.

Chem. 2010, 397, 943-51; Environ. Sci. Technol., 2009, 43, 7039-7046)
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(Trends in Analytical Chemistry 2015, 66, 32-44)
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구분 차1 차2 차3 차4

조사대상

연도
년1998 년2002 년2006 년2010

조사대상

업종
업종28 업종31 업종37 업종41

조사기준

량

단일물질

100kg

혼합물질

100kg

단일물질 100kg

혼합물질 톤1

보고물질

수*
종8,030 종9,358 종14,607 종15,840

보고업체

수
개13,052 개13,773 개16,404 개16,547

보고물질수 물질명과 모두 확인된 물질을 기준으로 계산* : CAS No.
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Sample Target compound Extraction Instrument Reference

-Surface water

-Ground water

-Waste water

-Pesticides

-Phenols

-Pentachlorobenzenes

-PAHs (total 60 analytes)

-SPME (Carbowax/divinylbenzene) GC-TOF (EI) Hernández et al. (2007)

-Ground water -Isolute ENV+ cartridge (MeOH) HPLC-QTOF (ESI) Müller et al. (2011)

-Waste water

-Illicitdrugs

-Prescriptiondrugs

-Metabolites (total 76 analytes)

-Oasis MCX cartridge (MeOH) UHPLC-QTOF (ESI) Hernández et al. (2011)

-Waste water

-Human urine

-Food

-OasisHLBcartridge(MeOH)

-Mechanicalshaking
UHPLC-QTOF (ESI) Díaz et al. (2012)

-Fruits Pesticides (55 analytes) -QuEChERS (Acetonitrile) GC-TOF (EI) Cervera et al. (2012)

-Sludge BUVSs (9 analytes) -MSPD GC-QTOF (EI) Casado et al. (2013)

-Fruits Pesticides (132 analytes) -QuEChERS (Acetonitrile) GC-QTOF (APCI) Portolés et al. (2014)

-Ground water -Oasis HLB cartridge (MeOH)
-GC-TOF(EI)

-GC-QTOF(APCI)
Portolés et al. (2014)

-Fruits Pesticides (165 analytes) -Blending (Acetonitrile) GC-QTOF (EI) Zhang et al. (2014)

-Ground water

-Surface water

-1600 analytes (LC)

-280 analytes (GC)
-Oasis HLB cartridge (MeOH)

-UHPLC-QTOF(ESI)

-GC-QTOF(APCI)
Hernández et al. (2015)
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m 기체크로마토그래피사중극자 비행시간질량분석기 분석조건/ - (GC/Q-TOF)

최적화

m 매체별 를 이용한 비표적스크리닝 분석기법 개발GC/Q-TOF (NTSA)

m 기체크로마토그래피사중극자 비행시간질량분석기 를 이용한/ - (GC/Q-TOF)

비표적 스크리닝 분석기법 에 의해 도출된 대상 물질 목록화 및(NTSA)

절차서 작성
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기체크로마토그래피사중극자 비행시간질량분석기/ - (GC/Q-TOF)m

분석조건 최적화

를 활용한 유해화학물질 기기분석조건 확립 모세관 칼럼- GC/Q-TOF ( ,

온도조건 최적화 조건GC , TOF )

를 이용한 를- GC/Q-TOF target, non-target, unidentified contaminants

판별을 위한 분석 조건 최적화

매체별 를 이용한 비표적스크리닝 분석 기법 개발GC/Q-TOF (NTSA)m

대상 매체 해수 해양퇴적물 수산물 각 개 이상- : , , ( 10 )

대상 매체별 특성 간섭효과 등 을 고려한 전처리 기법 최적화- ( )

분석 자료에 대한 기법 적용- Mass profiler professional (MPP)

미지성분 에 대한 디컨볼류션 적용기법을- (unidentified) (deconvolution)

이용한 대상 물질 판별(library identification)

기체크로마토그래피사중극자 비행시간질량분석기 를/ - (GC/Q-TOF)m

이용한 비표적스크리닝 분석기법 에 의해 도출된 대상 물질(NTSA)

목록화 및 절차서 작성

대상 매체 해수 해양퇴적물 수산물 각 개 이상- : , , 10

매체별 대상 물질에 대한 정성 정보 목록화-

매체별 대상 물질의 종류별 예 유기염소계 약물류 등 분류- ( : , )

그룹에 의한 분류- Target, non-target, unidentified contaminants

를 이용한 절차서 작성- GC/Q-TOF NTSA
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물질Target 물질Non-target

PCDD/Fs Phthalates

PCBs Non-PBDE brominated FRs(NBFRs)

OCPs Organophosphorus FRs(OPFRs)

PBDEs Dechlorane Plus

PAHs HBCDs

약물류

개인기호품류
현재 어장환경모니터링

대상 유기오염물질

전 세계적으로 어장환경 및 해양에서
보고가 되고 있는 유기오염물질
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이름 소속 전공 분야 이메일

김상조

연구사

국립수산물품질

관리원

수산물

유해화학물질분

석

dioxin@korea.kr

오정은

교수

부산대학교

환경공학과

POPs분석

발생원

추적

jeoh@pusan.ac.kr

전준호

교수

창원대학교

환경공학과

유해물질

거동,

대사체

연구

jjh0208@changwon

.ac.kr

조현서

교수

전남대학교

환경해양과학과

POPs분석

생태영향

hscho@chonnam.a

c.kr

최성득

교수

울산과학기술대

학교

도시환경공학부

POPs분석,

거동
sdchoi@unist.ac.kr

홍상희

박사

한국해양과학기

술원

남해연구소

POPs거동 shhong@kordi.re.kr
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GC 조건 MS 조건 TOF 조건

GC/Q-TOF 조건확립

해수 해양퇴적물 수산물

대상매체

수산물모니터링대상물질제안및방법론개발

대상매체별 특성을고려한 전처리기법 최적화
(매체별추출, 정제방법확립)

MPP Deconvolution
Relevant 

compounds

대상물질검출

매체별대상물질목록화및분류

Target
contaminants

Identified 
contaminants

Unknown
contaminants

GC/Q-TOF 분석조건최적화
(모세관칼럼, GC 온도, TOF 최적화 조건)

대상물질목록화 및분류
(Industrial chemicals, PAHs, Pesticides, PPCPs, 

etc.)

대상물질판별 기준정리
(Mass spectrum, Retention index, Formula)
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Instrument Column
Scan 
range 
(m/z)

TOF resolution Reference

GC-TOF (EI)
HP-5MS
(30 m x 0.25 mm ID, 0.25 탆 film thickness)

50-650 ~7000 Hern? dez et al. (2007)

GC-TOF (EI)
HP-5MS
(30 m x 0.25 mm ID, 0.25 탆  film thickness)

50-650 6700 at m/z 264 Cervera et al. (2012)

GC-QTOF (EI)
HP-5MS
(30 m x 0.25 mm ID, 0.25 탆  film thickness)

90-600
- 4000 at m/z 114
- 9200 at m/z 502

Casado et al. (2013)

GCxGC-TOF
(EI)

- GC Science InertCAp 5MS/Sil
(60 m x 0.25 mm ID, 0.1 µm film thickness)
- SGE BPX-50 
(1.5 m x 0.1 mm ID, 0.1 µm film thickness)

35-550 ~6000 Hashimoto et al. (2013)

GC-QTOF
(APCI)

DB-5MS
(30 m x 0.25 mm ID, 0.25 탆  film thickness)

50-650 ~18000 at m/z 614 Portol? et al. (2014)

- GC-TOF (EI)
- GC-QTOF

(APCI)

HP-5MS and DB-5MS
(30 m x 0.25 mm ID, 0.25 탆  film thickness)

50-650
~8500 at m/z 614 (EI)

~18000 at m/z 614 
(APCI)

Portol? et al. (2014)

GC-QTOF (EI)
DB-5MS
(30 m x 0.25 mm ID, 0.25 탆  film thickness)

50-600 ~12500 at m/z 272 Zhang et al. (2014)

GC-QTOF
(APCI)

DB-5MS
(30 m x 0.25 mm ID, 0.25 µm film thickness)

NA Hern? dez et al. (2015)
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140°C (1 min)

220°C (1 min)16°C/min

PCDD/Fs (SP-2331 & HT-8)

Moon et al. (2012)

265°C (28 min)

2°C/min

70°C (1.5 min)

200°C (3 min)20°C/min

PBDEs (DB-5MS)

Lee et al. (2014)

310°C (5 min)

5°C/min

100°C (1 min)

140°C (1 min)5°C/min

PCBs (DB-5MS)

Moon et al. (2012)

300°C (5 min)

10°C/min

100°C (1 min)

140°C (1 min)5°C/min

OCPs (DB-5MS)

Moon et al. (2012)

300°C (5 min)

1.5°C/min

50°C (1 min)

170°C7°C/min

CLBz (DB-5MS)

Moon et al. (2010)

300°C (2 min)

30°C/min

60°C (2 min)

6°C/min

PAHs (DB-5MS)

Moon et al. (2012)

300°C (18 min)
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Target Mass Resolution

68.9947 9768

130.9915 13377

218.9851 17046

263.9866 17123

413.977 16298

463.9738 14024

501.9706 17189

613.9642 14400

μ

μ
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기체크로마토그래피조건

주입구온도 250\C

칼럼 DB-5MS UI (길이 30 m, 내경 0.25 mm, 필름두께 0.25 탆 )

승온조건 80°C (1분) ?  200°C (10°C/분) ?  300°C (5°C/분, 10분)

운반가스 헬륨 (1.2 mL/min)

시료주입량 1 ?L

Q-TOF 조건

이온화방법 전자충격이온화(EI)법

이온화전압 70 eV

이온원온도 230\C

모니터링모드 4Ghz High Resolution

모니터링질량수 50 - 600 m/z

모니터링시간 100 mS/Spectrum

해상도 ~13,000 at m/z 131, ~17,000 at m/z 502
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Non-targetedTargeted

Monitored
Non-

monitored
Identified Unknown

Detected chemicals

- Commercial standards
- Deconvolution, MPP
- Library matching (NIST, Chemspider)

Known chemicals

?

Unknown chemicals

Industrial 

chemicals
PAHs Pesticides

Pharmace

uticals

Personal 

care 

products

Others
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어장환경내 유해물질 모니터링 및 위해도 평가

수산환경유해물질

모니터링

○어장환경내유해물질모니터링: PAHs,PCBs,OCPs,PCDD/Fs,TBT

- 전국연안양식장주변퇴적물(30정점)및수산생물(25개체)내유해물질잔류량조사

○어장환경내신규유해물질(항생제포함)분석기법정립

- 가두리양식장매체별(해수,퇴적물,양식생물)분석기법정립및스크리닝

○고래류유해물질오염도모니터링

- 고래조직별POPs/미량금속모니터링

연안인근양식장환경

에미치는유해물질

위해도평가

○갯벌양식장주변(퇴적물20정점)환경집중조사

- PAHs,PCBs,OCPs,PCDD/Fs,TBT,중금속

○저서생물분포도조사

○생물독성도조사
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Monitored contaminants Non-monitored contaminants

PCDD/Fs Phthalates

PCBs Non-PBDE brominated FRs (NBFRs)

OCPs Organophosphate FRs (OPFRs)

PBDEs Dechlorane Plus (DP)

PAHs Polychlorinated naphthalenes (PCNs)

Dioxin-like PCBs Pharmaceuticals

Personal care products (Siloxanes, BUVSs, SMCs)

현재어장환경모니터링대상
유기오염물질

전세계적으로어장환경및해양에서보고가증가되는
유기오염물질(연구자제안)
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1 1

OCPs 22종
(TIC)

trans-CHL 
스펙트럼, 구조식, 
분자량, CAS#
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NFRDI어장환경모니터링대상물질 신규후보물질
PAHs PCBs OCPs PBDEs PCDD/Fs DL-PCBs PCNs CLBz DPs NBFRs OPFRs Phthalates Siloxanes SMCs BUVSs

Naphthalene PCB 8 alpha-HCH BDE 17 2378-CDD PCB 77 PCN 2 123-CHB anti-DP ATE TEP DMP D5 HHCB UV-P

Acenaphthylene PCB 18 beta-HCH BDE 28 12378-CDD PCB 81 PCN 6 124-CHB syn-DP PBT TBP DEP D6 AHTN UV-9

Acenaphthene PCB 28 gamma-HCH BDE 47 123478-CDD PCB 105 PCN 13 135-CHB PBEB TCEP DAlP L4 MX UV-234

Fluorene PCB 29 delta-HCH BDE 66 123678-CDD PCB 114 PCN 27 1234-CHB DPTE TCPP DnPrP L5 MM UV-320

Phenanthrene PCB 33 o,p'-DDE BDE 71 123789-CDD PCB 118 PCN 28 1235-CHB HBB TDCPP DiPrP L6 MK UV-326

Anthrene PCB 44 p,p'-DDE BDE 85 1234678-CDD PCB 123 PCN 36 1245-CHB HCDBCO TBEP DnBP L7 UV-327

Fluoranthene PCB 52 o,p'-DDD BDE 99 OCDD PCB 126 PCN 46 PeCB BTBPE TPP DiBP L8 UV-328

Pyrene PCB 70 p,p'-DDD BDE 100 2378-CDF PCB 156 PCN 48 BEHTBP EHDPP DnPeP L9 UV-329

Benzo[a]anthracene PCB 87 o,p'-DDT BDE 119 12378-CDF PCB 157 PCN 49 EHTBB TEHP BBzP L10

Chrysene PCB 101 p,p'-DDT BDE 126 23478-CDF PCB 167 PCN 50 TCP DnHxP L11

benzo[b]fluoranthene PCB 103 HCB BDE 138 123478-CDF PCB 169 PCN 52 DiHpP L12

Benzo[k]fluoranthene PCB 110 Aldrin BDE 153 123678-CDF PCB 189 PCN 53 DEHP L13

Benzo[a]pyrene PCB 128 Isodrin BDE 154 234678-CDF PCN 63 DnOP L14

Perylene PCB 138 Dieldrin BDE 183 123789-CDF PCN 66 DCHP L15

Indeno[1,2,3-cd]fluoranthene PCB 153 Heptachlor epoxide BDE 184 1234678-CDF PCN 69 L16

Dibenzo[b]anthracene PCB 170 Heptachlor BDE 190 1234789-CDF PCN 72 L17

Benzo[ghi]perylene PCB 180 trans-CHL BDE 191 OCDF PCN 73 L18

2-methyl-Naphthalene PCB 187 cis-CHL PCN 75 L19

1-methyl-Naphthalene PCB 194 trans-NonaCHL L20

2,6-methyl-Naphthalene PCB 195 cis-NonaCHL

2,3,5-methyl-Naphthalene PCB 198 oxy-CHL

1-methyl-Phenanthrene PCB 199 Mirex

PCB 200

PCB 205

PCB 206

PCB 209

22종 26종 22종 17종 17종 12종 18종 7종 2종 9종 10종 14종 19종 5종 8종
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카트리지정보 카트리지특성 편수

Oasis HLB 역상 18

Oasis MCX 역상/양이온교환 4

Oasis Max 역상/음이온교환 1

Strata-X-AW/Isolute ENV+/Oasis HLB 역상/강산성 1

Others - 8
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카트리지정보 카트리지특성

Oasis HLB (150 mg) 역상

Waters Silica (1 g) 역상

Waters C18 (500 mg) 역상

Waters Florisil (500 mg) 역상
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Oasis HLB
(150 mg)

Silica
(1 g)

C18
(0.5 g)

Florisil
(0.5 g)
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HLB C18 Silica Florisil

Ave SD Ave SD Ave SD Ave SD

PAHs 110 5.6 97.4 6.3 90.0 7.8 91.5 4.0

PCBs 76.5 6.8 67.3 3.4 76.9 0.7 71.0 4.1

OCPs 79.9 8.7 67.8 1.8 76.9 2.1 69.5 4.0

PBDEs 61.5 14.0 45.4 2.1 54.6 1.8 44.6 4.9

PCDD/Fs 55.2 10.9 42.4 2.5 50.2 1.3 44.6 4.2

NBFRs 59.3 10.2 47.1 5.1 56.4 6.1 49.3 11.4

Phthalates 99.6 5.4 81.0 3.0 96.0 1.1 87.8 2.8

Siloxanes 81.1 7.0 74.0 3.8 85.6 1.4 72.8 3.7

SMCs 89.0 9.9 73.7 5.1 85.3 2.7 72.2 5.1

BUVSs 85.4 10.1 71.4 4.8 79.1 2.3 69.2 4.4

PCNs 60.5 8.4 47.8 4.2 56.5 1.5 52.4 5.4

CLBz 95.3 1.4 90.0 2.6 78.7 5.0 73.5 3.5

DPs 53.8 14.4 40.7 1.4 47.5 2.1 37.0 3.0
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Ave SD

HLB 77.5 19.4

C18 65.1 18.6

Silica 71.8 16.3

Florisil 64.3 17.1
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해수 해양퇴적물 수산물

정제

농축

GC/Q-TOF 분석

농축

속실렛추출 속실렛추출

HLB SPE GPC & HLB SPE HLB SPE

여과

GF/F
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CLBz S MCs NBFRs

BUVSs

Low 
MW

High 
MW

Siloxanes

OPFRs

PCNs

PCBs

OCPs

DL-PCBsPAHs

Phthalates PBDEs

PCDD/Fs
D
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s
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Target Mass Actual Mass
Accuracy 

(PPM)
68.9947 68.9947 0.02

130.9915 130.9915 -0.08
218.9851 218.9851 0.25
263.9866 263.9865 -0.19

413.977 413.9769 -0.20
463.9738 463.9740 0.53

501.9706 501.9704 -0.34
613.9642 613.9642 0.02
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Compone nt RT: 7.7784
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Component RT: 7.77843283045014

Mass-to-Charge (m/ z)
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 Result of NTSA
Number of

compounds

Target

Monitored 27/116

Non-monitored 41/92

Non-Target

Identified (Matched with

NIST)
2023

Unknown 2118

Sum 4209
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Retention time (min)
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 Result of NTSA
Number of

compounds

Target
Monitored 48/116

Non-monitored 49/92

Non-Target

Identified (Matched with

NIST)
1759

Unknown 1869

Sum 3724
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 Result of NTSA
Number of

compounds

Target

Monitored 58/116

Non-monitored 48/92

Non-Target

Identified (Matched with

NIST)
1505

Unknown 1736

Sum 3346
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[물질 선정 근거]

[각 매체별 검출물질에 대한 정보비교]

수산물 모니터링 대상물질 제안

생물

해수 퇴적물
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54

생물

해수 퇴적물

6

4 42

0 7

39
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15

생물

해수 퇴적물

104

69 67

1934 1809

1572
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Target analysis

Total Ion Chromatogram (TIC)

NTSA (MEAL) Library D/B

Identification

Target compounds

Monitored Non-monitored

Non-target analysis

Deconvoluted Ion Chromatogram (DIC)

NIST Library D/B

Identification

Non-target compounds

Identified Unknown

Unknown 
analysis

Deconvolution

Available standards

Mass spectrum

Retention time Mass spectrum
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Substance Use Alarms 2014 Detec
tion

Load
2014 (kg)

Paracetamol analgetic Feb 2014/ Nov
14

Semi-
Quan

320

Aliskiren beta blocker
Feb / March /

April 14
Priorit

y list
1400

Indometacin analgetic beginning and
end March 14

Semi-
Quan

170 (in
2 weeks)

2-Phenyl-2-(2-
piperidin)acetamid

Industrial
chemical

Feb - March 14
Nontar

get
600

Toluol-4-sulfonic
acid

Industrial
chemical

Dez 14 Priorit
y list

1500

Unknown_252 Sep 14 Nontar
get

1300*

Unknown_325 May 14 Nontar
get 5000*

Tizanidin
Muscle

relexant
Jun 14 Priorit

y list
150

Mecoprop Pesticide Jun 14 Priorit
y list 320

Unknown_139 Jun 14 Nontar
get

70*

Tetracarbonitrilprop
en

Industrial
chemical

Nov 2014 (Info
in Basel)

Nontar
get

14000*

* load-estimation

red marked substances = permanent
pollutions
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m 액체크로마토그램 고분해능질량분석기 분석조건 최적화- (LC-Orbitrap)

m 을 이용한 비표적스크리닝 분석절차 확립LC-Orbitrap (NTS)

m 물질 정성분석 및 분자구조해석기법 구축Unknown
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