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ABSTRACTS

Dialkylated phthalates have been commonly used as plasticizers and a variety of applications. Phthalate diesters have
been shown to be developmental and reproductive toxicants. It is very difficult to exactly estimate the dose of dialky-
lated phthalates taken up by the general population because of environmental contamination. Urinary metabolites of
phthalates enabled to estimate internal exposure. The objective of this study was quantitative determination of phthalate
metabolites by LC/MS/MS with on-line cleanup method to analyze phthalate metabolites in Korean children's urine. We
employed LC/MS/MS with on-line enrichment and column-switching techniques for this biological monitoring. Metab-
olites determined were 4 primary metabolites; MEHP, MnBP, MiBP, MEP and 2 secondary metabolites of DEHP; 5-
OH-MEHP), 5-oxo-MEHP. We analyzed children’s urine from 30 boys and 30 girls. The method detection limit of
phthalate metabolites were 0.03 ng/mL for MEP, 1.05 ng/mL for MBP, 0.22 ng/mL for MEHP, 0.15 ng/mL for 5-OH-
MEHP and 0.16 ng/mL for 5-oxo-MEHP, respectively. Switching Column LC/MS/MS was proven to be a useful tool
to determine metabolites of phthalate diesters in human urine. The correlation among phthalate metabolites was very
high and statistically significant, except MEP. The children’s age (months) was negatively correlated to the con-
centration of phthalate metabolites. The geometric mean concentration of phthalate metabolites (mg/g creatinine) in chil-
dren’s urine were 25.5 for MEP, 130.3 for MnBP, 56.8 for MiBP, 19.5 for MEHP, 85.6 for 5-OH-MEHP and 83.1 for
5-oxo-MEHP, respectively. Levels of estimated daily intake of parent phthalate compounds (ng/kg bw/day) were 0.8
for DEP, 5.0 for DnBP, 1.9 for DiBP and 8.9~14.2 for DEHP, respectively. Estimated daily intake for DEP and DiBP
were lower than those of other studies but the value for DEHP was higher than that of other study.
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Fig. 1. Formation of primary and secondary metabolites of DEP, DnBP and DEHP.
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Table 1. Switching valve program

Wast Pre- Autosampler
aste Column Pump A
Pump B é;‘fg:al — MS/MS
Trap |
Column

. Status
Time Valve P Analvsi
(min) position retreatment nalysis
column column
Initial  Position A Waste Mass Injection
4.2 Position B Concentration Waste
5.1 Position A Waste Mass Injection
8.1 Position B Concentration Waste
10.0 Position A Waste Mass Injection
14.8 Position B Concentration Waste
15.3 Position A Waste Mass Injection
B Mode
Pre- Autosampler
Waste Column Pump A
Pump B Analytical L f o\ g
Column
Trap |
Column

Fig. 2. Schemes of switching column procedure; 1) A mode - online clean-up, 2) B mode - concentration to trap-column, 3) A mode
- separation by analytical column and injection to MS/MS detector.
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Table 3. Method detection limits for phthalate metabolites in

urine
Phthalate LODY LOQY Linearity
metabolites (ng/ml) (ng/ml) (r)
MBP 1.05 3.15 0.9943
MEP 0.03 0.10 0.9996
MEHP 0.22 0.67 0.9994
5-OH-MEHP 0.15 0.46 0.9998
5-o0xo-MEHP 0.16 0.49 0.9964

a) limit of detection, b) limit of quantification.

MEHP 0.22ng/ml, 5-OH-MEHP 0.15 ng/ml, 2]
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Table 2. Mass spectrometer condition for determinating phthalate metabolites

Compound Q1 Mass (amu) Q3 Mass (amu) DP? (V) CE" (V) CXP? (V)
MEP 192.98 121.2 - 40 - 16 -7
5C,-MEP 197.04 123.2 - 40 - 16 -9
MnBP 221.03 149.3 - 45 - 18 -1
3C,-MnBP 225.07 150.9 - 45 - 16 -9
MiBP 221.11 133.9 - 55 - 18 -7
MEHP 277.17 134.1 - 55 -22 - 11
'*C,-MEHP 281.23 136.8 -85 - 24 - 11
5-OH-MEHP 293.17 121.1 - 60 - 28 - 11
15C,-5-OH-MEHP 297.17 145.1 -75 - 20 -1
5-oxo-MEHP 291.21 120.9 - 55 - 24 -5
3C-50x0-MEHP 295.1 124.0 - 55 - 24 -9

a) declustering potential, b) collision energy, c¢) collision cell exit potential.
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Z T o) E grE BA 275

oa

]

(1D 3/3n ‘sopjoqerdy)3o]

o

0- T T T T T T
1 2 3 4 5 6

Fig. 3. Concentrations of phthalate metabolites in urine; 1 :
MEP, 2 : MEHP, 3 : 5-OH-MEHP, 4 : 5-oxo-MEHP, 5
: MnBP, 6 : MiBP.

2. 0f20] 24 & ZEO|E jAHS] S5 X
ko] ASEe Wol 22 30949 ofelole]

A H ZEyolE EH/\]‘)\]‘E-’] FEREYE=
%}3‘;—;;%49}7.51 E}‘)'E‘r = AlBAM 659
}~ FE OV&QE i
Zﬂ_Ela’iitﬁ, OWJOIQ} B9 FRd we =

7t ZA YEert?. DEHP 37}*1 EH/\]‘)\]’E"]
2} ofdo)o] £ F FETF A%} ojdo]9]
FERTE FsHA =4 UETHE 4). ol AN
o] 2] DEPY DBP?| 7Z9-ole 54 =&l 23
5= vhE, DEHPS] 7-9-ol= /q.slato] Dol w2
Yol E=Aol AkAs)] 7] UH—Er | S We
2} ofdo)7t ¢ Wol =FH o E‘”E}

E Aol B4E 659 X olE thrES] F
S ofdolo] Ak gl S7HE 75 HolAe 4
&S Bl o] FolA MiBP, MEHP, 5-OH-MEHP
% 5-0x0-MEHP?| F&= A#I} Folgh 59 At

B oM L
E o "
of of 2% mE

ot

Boys (n=30) Girls (n=30) Total (n=60)

Compound - - -
GM+GSD Min~Max GM+GSD Min~Max GM+GSD Min~Max
MEP 25.5+2.2 6.2~158.0 26.6+2.1 10.1~177.7 26.0+2.1 6.2~177.7
MnBP 130.3+1.5 57.2~308.9 149.9+2.5 30.7~5233 139.8+£2.0 30.7~5233
MiBP 56.8+2.0 13.3~308.9 56.8+2.1 16.4~289.3 56.8+2.0 13.3~308.9
MEHP 19.5+2.3 4.8~173.0 15.3+£2.7 1.3~124.6 17.3£2.5 1.3~173.0
5-OH-MEHP 85.6+1.8 44.5~792.6 752425 13.5~788.2 79.8+2.1 13.5~792.6
5-oxo-MEHP 83.1+1.8 29.0~620.5 79.0+2.4 12.2~758.8 80.6+2.1 12.2~758.8
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Table 5. Levels of estimated daily intake of parent phthalate compounds(n=60)

DEP DnBP DiBP DEHP
MEP MnBP MiBP MEHP SOH-MEHP  Soxo-MEHP ME 1
Median 0.8 5.0 1.9 8.9 9.3 14.2 109
Min 0.2 1.0 0.5 0.5 1.4 2.0 1.5
Max 6.1 172.2 13.0 95.1 104.3 127.7 111.0

* unit @ pg/kg bw/day.
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