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Abstract: Personal care products are a diverse group of synthetic organic chemicals such as antimicrobial
compounds, UV filters and organo-phosphate flame retardants and derived from individual usages of soaps,
toothpaste and cosmetics. It has been detected in municipal sewage effluent and various environmental samples
such as surface water, marine, soil, sediment and aquatic biota in many countries. The occurrence of personal
care products in environmental samples could negatively impact the health of the ecosystem and humans, due
to persistent, long-term chronic exposure of aquatic organisms. In this study, fifteen personal care products in
aquatic environmental samples were determined by gas chromatography-mass spectrometry (GC-MS) with liquid-
liquid extraction (LLE). Method detection limits were in the range of 0.004~0.273 pg/L. Two compounds (TCEP,
TCPP) were detected in surface waters and seven compounds (triclosan, 4-MBC, EHMC, BP-3, TCEP, TPP,
TBEP) were detected in sewage treatment plants (STP) influents or effluents.
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Fig. 1. The chemical structures of the investigated personal care products; (a) antimicrobial compounds, (b) UV filters and

(c) organo-phosphate flame retardants.
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Fig. 2. The description of surface water and STP sampling
sites in the Nakdong River basin.
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A Azt E 2 2/ FEA 7| (GC/MS)E Agilent
TechnologiesAHUSA)<] 7890A GC%} 5975C MSDE&
AFg3Eeith Y-S HP5-MS (60 m x 0.25 mm x 0.25
pm)E A3 T, SN7IA = X 99.999% He
S ARSI, F5S 1.0 mL/minE €33 FA
I Th AlE& splitless modeZ FY 3R o, F
T 255 250°C, AY LELEE= 60°CoA 28
B9 FAAZ T 10°C/minS 2 5217 200 °Co
Al 10% Eet AN F TA] 10°C/minl 2 2
AlA 280°Cell A 123 & FAAA A8k
scan 493} SIM (selected ion monitoring) ¥4 °] &
Ale]] o] FAREE 3l scanR=olA 7t EHe] A
FHERS I1% Uy SIMEER G4 519
o A #FEA o] AE-gE SIMO]2 2 2= triclosan (m/z
288, 290), methyl triclosan (m/z 302, 304), 4-MBC (m/z
254, 239), EHMC (m/z 161, 290), OC (m/z 360, 249),
BP-3 (m/z 227, 228), HS (m/z 138, 120), B-MDM (m/z
310, 295), TCEP (m/z 249, 251), TCPP (m/z 277, 279),
TDCPP (m/z 381, 379), TPP (m/z 325, 326), TBEP (m/z
199, 129), TnBP (m/z 155, 211), TEHP (m/z 113, 112)&
AHgEE o, WHRETEEZ 2= fluoranthene d10 (m/z

212y& A8k
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3. g1 ¥ nF

3.1. Quality assurance and quality control 0.
pg/Lel e %La =5 0‘025} Xﬁﬂ#Oﬂ AFeA =

Aol AFe FERAVE HEE ZFE=E S
A7he el AnE sl AA B AR =o] 100 FEst AES FUs] BREAS Wk
T GCMSE £435t9 7+ JEES WS WHEE o] A g ERet FYsHA g5t Y - A= E
29 WA vE Jelfo] AAFALE FAFIL ZAFSE A3 AT 87.0~107.0%, FEE 1.8~12.9%2]
W, el GEelA Pkl 099 ool AAHE e etk el 7 BEEAES | EE 10
YR AT BAlgrol] AZFEA F29] =7 HE pg/lel BEE F7HEE & A BEA A9 FYsHA
E XFEHA S 9 Are h A EE AAE 27435t BF&S AN 474 80.8~111.5%2] <
Table 1. Calibration data for personal care products
Conc. range Calibration curves (Y=aX+b) Linearity
Class Compounds
P (nglL) a b ()

Antimicrobial Triclosan Methyl 2 ~40 0.08993 -0.07949 0.9956

compounds triclosan 02~4 0.3178 -0.002421 0.9992

4-MBC 02~4 0.1446 -0.003213 0.9995

EHMC 02~4 0.07216 0.006222 0.9837

UV filters oC 02~4 0.09787 -0.007001 0.9988

BP-3 02~4 0.2137 -0.02539 0.9929

HS 02~4 0.08232 -0.006417 0.9976

B-MDM 2 ~40 0.01655 -0.02970 0.9832

TCEP 2 ~40 0.05004 -0.03066 0.9991

TCPP 2 ~40 0.07926 -0.03227 0.9997

Oroano-phosphate TDCPP 2 ~40 0.05884 -0.03049 0.9996

ﬂg pt dp . TPP 02~4 0.2744 -0.01363 0.9995

ame retardants TBEP 2~ 40 0.05225 -0.05316 0.9962

TnBP 2 ~40 0.1621 -0.07285 0.9999

TEHP 2~40 0.1587 -0.08305 0.9998

Table 2. Method detection limit (MDL), quantification limit (QL), accuracy, precision (n=8) and recoveries (n=6) of personal care

products

MDL LOQ Accuracy Precision Recovery
Class Compounds (nglL) (uglL) %) (RSD, %) (%)
Antimicrobial Triclosan 0.043 0.138 975 3.9 91.2
compounds Methyl triclosan 0.011 0.036 100.4 5.5 96.2
4-MBC 0.068 0218 98.8 1.9 932
EHMC 0.011 0.035 107.0 5.8 111.5
oC 0.004 0.013 95.8 25 91.5
UV filters BP-3 0.006 0.018 87.0 6.6 85.1
HS 0.008 0.027 91.7 25 89.2
B-MDM 0273 0.871 95.4 12.9 80.8
TCEP 0.053 0.169 96.2 3.9 92.5
TCPP 0.062 0.197 100.4 3.8 94.6
o hosohat TDCPP 0.035 0.111 98.0 22 91.9
f;ga“"'pt Ozp ‘:e TPP 0.010 0.031 98.2 2.1 932
ame retardants TBEP 0.053 0.168 92.9 22 87.8
TnBP 0.085 0271 992 43 942
TEHP 0.047 0.148 99.8 1.8 94.5
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Fig. 3. GC-MS SIM chromatogram of the personal care products standards. (Chromatogram shows extra peaks for not
determined compounds in this paper. That results will be included in further investigation.)
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3.2. 3l&¥ 4+ = personal care products® SE
=}

G54 F99] sk 2000 AFES 3Pl AA =

A48 Az} {71914 dAA] &2 TCEP, TCPP 27H
40| 17]¢] A 8lA ZH2F 2.93, 2.08 pg/Le] &

Z A& UM, triclosan, methyl triclosan, 4-MBC,
EHMC, OC, BP-3, HS, B-MDM, TDCPP, TPP, TBEP,
TnBP, TEHP 52 A &3HA o]st2 JElTh

= A
T

=

cOI . =

. SlEREE R - WRE
products ST =A

G557 99 o7l kA 3xkel AX AL
3 Ay FYFolA e triclosan, 4-MBC, EHMC,
BP-3, TCEP, TPP, TBEP & 7/} &4o] A&HS]

personal care

H, BFo A& triclosan, 4-MBC, TCEP, TBEP 5

N Edo] HEH AU
Triclosan> 2009 33t AFZF
2 A9 gk #Alo] F7kstEA
e X0, EMAA 5o TS AFel &
7hE A ARE-FFo] F7Fstal
st 28] SUFA 233-3.10 ug/L (medlan 264
pg/L)e] TE2 HEHALH, A A S A
WES A BoME Ul AEoA 243 pg/lLe] %
AT}, triclosan®] THAMHE Q] methyl triclosan

%l
= 7&31:4
BE AEoA HFEA olstz YEbtt)

ZPS’W AFEA F AU AHEH] e Zleg
ZAFE 4-MBC (15.30 ton/year), EHMC (70.97 ton/year),
BP-3 (129.85 ton/year) 5 3711 E&o] 49U A7
A z+zF 0.23~0.57 pg/L (median 0.32 pg/L), 0.55~2.74
pg/L (median 1.58 pg/L), 0.40~1.22 pg/L (median 0.81
ng/L)e] FEE 52-83%2 HlwF £ AFHEES
Uehislor, s H44-& Azl wRFAAE 4-
MBC, 17} &2 0] 0.37~0.52 pg/L (median 0.38 pg/L)<]

Table 3. Concentrations of personal care products in surface waters (pg/L)

Frequency Concentration
Class Compounds Netected/Niotal %) (Median)
Organo-phosphate TCEP 1/60 2 2.93
flame retardants TCPP 1/60 2 2.08

*Netectea: NUMber of samples detected, Niymi: total number of samples
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Table 4. Concentrations of personal care products in STP influents/effluents (ug/L)

Influents Effluents
Class Compounds N N Frequency  Concentration N N Frequency Concentration
detected’ ! Ntotal (%) (Medlan) detected’ 1 Ntotal (%) (Median)
Antimicrobial Triclosan 23/23 100 233-3.10 1120 5 243
compounds (2.64)
0.23~0.57 0.37~0.52
4-MBC 15/23 65 (032) 3/20 15 (038)
UV filters EHMC 12/23 52 0'??;2')74 0/20 0 -
0.40~1.22
BP-3 19/23 83 (0.81) 0/20 0 -
2.88~4.19 2.88~3.12
TCEP 13/23 57 G.11) 4/20 20 (3.04)
Organo-phosphate 0.20~0.22
TPP 6/23 26 0/20 0 -
flame retardants (0.22)
3.01~17.20 2.83~3.47
TBEP 21/23 91 (4.62) 4/20 20 (3.10)

*Neteeted: TUMber of samples detected, Niya: total number of samples

FTEE FA BN HAEHATGHENE 15%).

F710A daAl EDE F ¥ Pt
EAHPV)Ol £319, 20063 322 f5%F A
N T FE ALgFo] Be Ao Z FALEITHTCEP
295.89, TCPP 1367.47, TDCPP 3.00, TPP 2701.48,
TBEP 190.71, TnBP 32.34, TEHP 30.77 ton/year). XA}
g #7104 daA 2" FolA TCEP, TPP,
TBEP 5 37/ E&o] §4 ARAA HAEHA =T,
TCEPE= 2.88~4.19 pg/L (median 3.11 pg/L)e] =
57%2 AENEE YE 2™, TBEP= 3.01~17.20
pg/L (median 4.62 pg/L)S] FE=E 91%°] AW =
£ YeE 5 vnd 58 ASNEE YeER)Th
TPPE 0.20~0.22 pg/L (median 0.22 pg/L)e] T ==
dF FdF ABAA AEHULH, HEVES
26%% LEFStTE ¥HR-Ro A= TCEP, TBEP 27 &2
o] 20%2] HEWEZ 747} 2.88-3.12 ug/L (median 3.04
pg/L), 2.83~3.47 pg/L (median 3.10 pg/L)e SE&
AZE= AT

48 B

157 personal care productsE N} F=EFHO
2 & F GC/MSE Ao #2413} K
A= 0.004~0.273 pg/LolATt. G574
2078 A o A 79 - BRT
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Az} sk o= TCEP, TCPP 5 2%°] AZH
o, s AlBoAE triclosan 4-MBC, EHMC,
BP-3, TCEP, TPP, TBEP 5 7%°] HA&5 Ut}

Triclosane 873 ol v|Fo 2 EA)star, 1A
EfF deiie 540 e P2 L/HEHA
TR WA 71 & A, EAAES T
3 FAo] At HERy tol A4S Adste A
A FE5T Ha7t o

2 A Ak A4l o] Frtstar, AAGE
o] Folgol wet A B AL AEA, {71
o1A] FAAE H] 3 personal care products®] AF&-
go] sojub= FAd Qo= olzst 2dE9] $
A F As L A rXe 9 5ol s A4

203 5 3felo} & Zelu.
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