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Relationship between Dietary Habits and Urinary Phthalate Mtabolite
Concentrations in Elementary School Children

Jihee Choi*, Jeonghoon Kim*, Gilyoung Choi**, KyooSang Kim®*****

*Department of Environmental Health Research, Seoul Medical Center, Seoul, Republic of Korea
**Department of Environmental Engineering, Pusan National University, Pusan, Republic of Korea
***Department of Occupational and Environmental Medicine, Seoul Medical Center, Seoul, Republic of Korea

ABSTRACT

Objectives: The purpose of this study was to examine the relationship between dietary habits and concentrations
of urinary phthalate metabolite in elementary school children.

Methods: This study was conducted in Seoul, South Korea. We collected urine samples from 156 children from
a single school in September 2016. Information on dietary habits was obtained from the parents of the children.
Five types of urinary phthalate metabolites were analyzed using a high-performance liquid chromatography
tandem mass spectrometer. Multiple linear regression analysis was used to determine the factors affecting the

concentrations of urinary phthalate metabolite.

Results: Girls had a significantly lower concentration of urinary mono-n-butyl phthalate (MnBP) (p=0.006) than
did boys. When the consumption of bean processed food and wrapped delivery food were more than once a
week, urinary MnBP (p=0.021) and monobenzyl phthalate (MBzP) (p=0.032) concentrations were the highest,

respectively.

Conclusion: Several urinary phthalate metabolite concentrations were associated with demographic and dietary
habits. Particularly, urinary MnBP and MBzP were associated with several processed foods. The findings of this
study might be useful as basic data for establishing and educating on environmental health policy.

Keywords: Children, dietary habits, phthalate metabolites, processed food, urine
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AEZAL Al AT, AT, AR EE 1A, vE
124)), A, AZ LHAAEE007HE 7]7E 300-500
T, 500-700%+, 7005+ o), BE), WHAE B
&+ &7IRV] 2%, frel 2%, Sy OR%), 9%
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Al HE e ERT AR B9 2A
12AFA thele] ARIFE TFo BREA 9§

-, 7 13] Pk, = 13] ol dyste] et

3. A=Ey

AHTT 2 AFEE AFAE 89 (mono(2-
ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono(2-
ethyl-5-oxohexyl) phthalate (MEOHP), mono(2-ethyl-
S-carboxypentyl) phthalate (MECPP), monobenzyl
phthalate (MBzP): 5, 10, 25, 50, 100, 200 ng/mL,
mono-n-butyl phthalate (MnBP): 10, 25, 50, 100,
200, 400 ng/mLyS ZA|3td Z+2+9] urine matrix
500 uLell 2 M sodium acetate 1 mLS} B-glucuronidase
20 uLE ¥l 1027} vortex-mixingS 3T 37°C
AA 16717 &t HEEAIR] - AeolA sEZE Y
Z}sle] 2 M Hydrochloric acid 100 uL, ethyl acetate

4mLE 93 1587 vortex-mixingS SHATH AR

Table 1. Analysis condition of HPLC-MS/MS

£ 4°C, 3000 rpmellA] 5E7F AR s Ed
32mLE F3l 40°ColM daidx=E AL F 60%
acetonitrile 300 pLZ A&} ThA] 3%7F vortex-
mixingS SHATh HFHOE 1 uLE I TAA A
ZulE )7 (high performance liquid chromatography,
HPLC, Nexera X2 system, Shimadzu, Japan) &
2 FE-4 7] (tandem mass spectrometer, MS/MS, TQ
4500 tandem mass detector, AB sciex, USA)°| 5
Yot 8 5 ZEHO|E Al 5E(DEHPS Al
714 22 tiARFE¢l MEHHP, MEOHP, MECPP,
DnBP9] 12} thAFHEQl MnBP, BBzP2] 13} thA}
2HZQl MBzP)S H4131IT}. Table 13} Table 29]
2270l w2} multiple reaction monitoring (MRM)
mode® 7} =49 HYst AdS Tk S-S
A5 & Ao wigaditt. A WREFE
de] 73 dAd] g T olE takAle] =
HAHE Fsto] A4 eRiTh?

{r

Analysis condition

HPLC Column
Column temperature

Autosampler temperature

Mobile phase A
B

Injection volume

Flow rate

MS/MS Ion source Gas 1

2

Curtain gas

Collision gas

Ion spray voltage

Temperature

Mass to charge MEHHP

ratio (m/z) MEOHP
MECPP
MnBP
MBzP

QC Concentration MEHHP

(ng/mL) MEOHP
MECPP
MnBP
MBzP

Symmetry Shield™ RP18 (3.5 um, 2.1 mmx100 mm)
40°C

10°C

0.1% Acetic acid in water

0.01% Acetic acid in Acetonitrile
1 puL

0.25 mL/min

55 mL/min

60 mL/min

35 mL/min

7 mL/min

-4500 V

550°C

Ql; 2929 — Q3; 121.0

Ql; 291.0 — Q3; 120.9

Ql; 306.9 — Q3; 158.9

Ql; 221.0 — Q3; 76.9

Ql; 255.1 —» Q3; 77.0

Low; 15, Medium; 80, High; 160
Low; 15, Medium; 80, High; 160
Low; 15, Medium; 80, High; 160
Low; 30, Medium; 160, High; 320
Low; 15, Medium; 80, High; 160

http://www.kseh.org/

] Environ Health Sci 2018; 44(5): 433-443



436 N3 - AHE -

Table 2. HPLC gradient program used to separate 5
phthalate metabolites

Time (min) Elution A (%)

Elution B (%)

0.0 60 40

4.0 67 33

7.0 67 33
124 75 25
13.0 75 25
16.0 0 100
18.0 100
19.0 75 25
25.0 75 25

4. SAIEN

MECPPY] o= Jehfiith &

M e BEYTRES ol %

E g FE Al
g AN, AT el Qud 543

o 3
Foll W2 2 T ZEolE A &

gL

pEAN ey

<]

Pearson 23+
A

Table 3. Concentration of urinary phthalate metabolites

<2 w2} T-test == one-way ANOVA #4412
o] &3t ek 2 T ZEoE trA Fol
FIFS T 81 HAetsl] fste] GAIE R
2]t T3] A2 (multiple regression analysisyS 5~
YA BAEA]-2 SPSS (version 18.0, SPSS Inc.)
£ ol&3iitth.

[e)Xe]
Ry ]

nm.ag

T AT A 15690l i & F ZHHE
AE 550 gk HEE2 100%C10L, °l&2]
71814 F5=E Table 39 YERHATH. DEHPS] o
AFQl & % MEHHP, MEOHP, MECPP 7}7te] &
S+ 26.5 ug/g creatinine, 17.6 ug/g creatinine, 32.6
ug/g creatinine® 2 YERSTE DnBPS} BBzP2| T
AL 8 & MnBPS} MBzPe| w=% 72t 53.6
ug/g creatinine, 2.3 ug/g creatinine®] $1t}.

8 F TP E grA sk 7] FHEAS
A8kl Table 40 YRSt 2 A3, ZDEHP,
MEHHP, MEOHP, MECPP, MnBP, MBzP =5 A]
2 7k folgk Fe] dHAATE JERAIL(p<0.01),
creatinine 274 A Q £ TEYO|E XA T =

3 W53 P BT

Parent — Measured =\ Spop*  GM' GSD' Min Percenties Max
compound  biomarker 25th  50th  75th  95th

DEHP SDEHP' gL 156 100.0% 960 19 129 625 972 1504 264.5 4084

ug/g cr. 771 17 158 516 772 1108 1858 393.5

MEHHP  pg/L 156 100.0% 331 19 42 210 329 532 919 1568

ug/g cr. 265 13 63 176 265 397 638 1448

MEOHP  pg/L 156 100.0% 219 19 28 139 230 349 592 1068

ug/g cr. 176 13 3.6 114 177 254 440 1029

MECPP  pg/L 156 100.0% 406 19 59 270 406 642 1119 1643

ug/g cr. 326 13 58 226 317 483 783 1457

DBP MnBP ug/L 156 100.0% 66.8 2.1 78 408 650 1032 2480 8216

ug/g cr. 536 13 191 373 490 707 121.8 589.9

BBP MBzP ug/L 156 100.0% 2.9 23 0.5 17 23 48 132 68l

ug/g cr. 23 14 0.6 14 22 36 70 395

*Limit of detection, ‘Geometric mean, ‘Geometric standard deviation, Sum of MEHHP, MEOHP, and MECPP

J Environ Health Sci 2018; 44(5): 433-443
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Table 4. Correlation between creatinine-adjusted concentration of phthalate metabolites
Y~DEHP* MEHHP MEOHP MECPP MnBP MBzP
XDEHP* 1
MEHHP 0.9 1
MEOHP 0.99%** 0.97*** 1
MECPP 0.98%** 0.93%** 0.96%** 1
MnBP 0.34%** 0.33%** 0.35%** 0.33%** 1
MBzP 0.34%** 0.33%** 0.32%** 0.34%** 0.27**
*Sum of MEHHP, MEOHP, and MECPP, **p<0.01, ***p<0.001
Table 5. Concentration of biomarkers in children categorized by general characteristics and dietary habits
GM*
Variable N % SDEHP? MEHHP MEOHP MECPP MnBP MBzP
e/l “cgig ue/L “cgr/_g ue/L “gg ue/L “gg ue/L “ig ue/L “fr/_g
Gender
Boys 74 474 106.6 83.0 37.1* 288  24.8* 19.3* 443 344 787** 61.2** 3.1 24
Girls 82 52,6 874 722 298* 246 19.6* 16.2* 37.6 31.1 57.6** 47.6%* 2.7 22
Age (years)
11 54 3461050 859 36.8 30.1* 242 19.8* 436 356 718 587 29 24
12 102 654 91.6 728 312 24.8¢* 208 16.5* 392 31.1 643 51.1 29 23
Refrigerated food storage
Porcelain bowl 8 51 722 558 265 205 163 12,6 292 226 515 399 21 1.7
Glass bowl 111 712 964 769 327 268 220 175 412 318 600 457 27 23
Plastic bowl 37 2371009 79.0 357 272 230 180 418 338 705 57.8* 35 27
Frozen food storage
Glass bowl 8 51 961 793 330 274 221 174 406 343 534 433 28 22
Zipper bag 127 814 89.7 753 313 259 201 173 378 31.8 69.6 545 3.1 22
Plastic bowl 21 13.5113.0 880 390 307 248 197 489 371 61.7 524 3.1 3.1
Plastic pack beverage
None 112 71.8 66.3** 61.3 21.8** 20.2** 151** 14.0 29.2* 27.0 67.6 538 28 22
<1 time/week 24 154 99.9%*% 79.6 34.6** 27.6%* 22.8** 18.1 42.0* 335 542  50.1 24 22
>1 time/week 20 12.8 119.9%* 84.8 41.9*%* 29.7** 27.5%** 194 50.0* 354 804 569 41 29
Bean processed food
None 9 581020 949 354 329 237 221 426 39.6 51.0 392% 26 2.0
<1 time/week 23 147 874 672 295 227 196 151 381 293 51.8 482%** 2.7 25
>1 time/week 124 795 973 779 33.6 269 222 178 41.0 328 715 573** 30 24
Wrapped delivery food
None 55 3531009 733 352 275 227 177 426 333 726 567 24 1.9%*
<1 time/week 93 59.6 947 789 322 259 218 17.6 403 325 643 519 3.1 2.5%*
>1 time/week 8 51 800 764 293 268 182 167 322 295 580 532 34 3.1%*

*Geometric mean, "Sum of MEHHP, MEOHP and MECPP, #p<0.05, **p<0.01

http://www.kseh.org/ J Environ Health Sci 2018; 44(5): 433-443



438 UyE -

Z|X3] -

ug/g creatinine, 138 19.6 ug/L, 16.2 ug/g creatinine,
p<0.05)2} MnBP (A 78.7ug/lL, 61.2pug/g
creatinine, “18A 57.6 ug/L, 47.6 ug/g creatinine,
p<0.01)2] creatinine 24 - & T E5F FEA)
o] ofghlel Hls| FAHORE folshAl w=UTE 1
1} A QA4 (body mass index, BMI)9} 74

FEME 8 T ZEEo|E A =9 A
o] ISt FFAF B §719] 749 & 5 MnBP

9] creatinine 23 & FEoA Sty 22Y U

=

57.8 ug/g creatinine® 2 7Y ko™, fofgk A}
o] UERATHp<0.05). HEHA, A<} 3=},
SAE, W A AR A 2 T ZEEolE o
AH okl Aol gldlov, Y AFNIE
7} Bopdlel wt =7t F7keke e BEith
g ¥ 28 AFE 8 £ MEHHP(HA 22 21.8
ug/L, 20.2 ug/g creatinine, = 13] 7T+ 34.6 ug/L,
27.6 ug/g creatinine, = 13| ©]°3 41.9 ug/L, 29.7

e o

ug/g creatinine)®] creatinine 28 - ¥ ¥ BT

Table 6. Multiple regression analysis of the influencing factors of phthalate metabolites

. ug/L . ug/g cr.
Variable - = Variable -
B(SE*)  p-value Adjusted R? B(SE*)  p-value Adjusted R?
>DEHP! - (Constant) 4.59(0.11) - 0.03
Creatinine -0.18(0.07)  0.013
MEHHP (Constant) 3.83(0.17) - 0.02  (Constant) 6.07(1.04) - 0.07
Gender Creatinine -0.17(0.07)  0.020
Girls* -0.22(0.10)  0.036 Age
12 years' -0.20(0.09)  0.025
Gender
Girls* -0.18(0.08)  0.034
MEOHP (Constant) 3.45(0.16) - 0.03  (Constant) 5.59(1.05) - 0.08
Gender Creatinine -0.19(0.07)  0.009
Girls* -0.23(0.10)  0.023 Gender
Girls* -0.20(0.08)  0.022
Age
12 years® -0.19(0.09)  0.036
MECPP - (Constant) 3.73(0.11) - 0.03
Creatinine -0.18(0.07)  0.014
MnBP (Constant) 4.40(0.23) - 0.06  (Constant) 4.00(0.18) - 0.11
Gender Gender
Girls* -0.29(0.12)  0.013 Girls* -0.24(0.09)  0.006
Bean processed food Refrigerated food storage
>1 time/week! 0.30(0.14)  0.038 Plastic bowl" 0.24(0.10)  0.014
Bean processed food
>1 time/week!  0.25(0.11)  0.021
MBzP (Constant) 1.00(0.07) - 0.02  (Canstant) 0.58(0.10) - 0.06
Wrapped delivery food Wrapped delivery food
>1 time/week! 0.40(0.20)  0.048 <1 time/week!  0.30(0.12)  0.011
>1] time/week!  0.57(0.26)  0.032
Frozen food storage
Plastic bowl' 0.38(0.16)  0.023

*Standard error, 'Sum of MEHHP, MEOHP and MECPP, *Compared to boy, ‘Compared to 11 years,

ICompared to None, 'Compared to glass bowl

J Environ Health Sci 2018; 44(5): 433-443
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A E AFHe A ReTt S E 7t
2 MnBP (HA] & 392 ug/g creatinine, I 13]
w|Tk 482 ug/g creatinine, I+ 18] o4+ 573 ug/g
creatinine, p<0.01)2} MBzP (HA] %S 1.9 ug/g
creatinine, = 18] W%k 2.5 ug/g creatinine, 5 13
o]+ 3.1 ug/g creatinine, p<0.01)2] creatinine 275
T TR SAFCE Fols SUtstT HEY
=5 A3 VE7t Bold4E 8 F MBzP %
7t F7Yehe FdE B0 g 2fol= T
T ZEHIE g TR TS FE=
1S wetslr] flste] v A o dAld ey
AR Ad= Table 634 Atk & 5 MEHHPS}
MEOHP®] creatinine 24 7 s AHE a2l
el vl o8 (p=0.036, p=0.023)°] 2|3}
Al 2T 8 F MnBP= creatinine 2 - % 5
T B AA o8k (p=0.013, p=0.006)°] ‘=3t
AR frolsiAl WA vebstal, 3 7HAEe]
13] o] A3 (p=0.038, p=0.021) F=3} HHo] )
Tt & £ MBzP 5% E3}F creatinine 27F A - &
e BE X wEAFe] F 13 o AA
(p=0.048, p=0.032) =} FAHOZ oI A
< HATH

ko
o ko

o

v. o &

S e R g o] Ao Ak @
< ZEElE tAHAe] 718kt §== MEHHP
26.53 ug/g creatinine, MEOHP 17.59 pg/g creatinine,
MECPP 32.62 ug/g creatinine, MnBP 53.60 ug/g
creatinine, MBzP 2.31 pg/g creatinine®.2 7|& <
T-oF H]5=3 ol ik, g-Elvkete] opitat Q13
ool 8-134] A" 2T & T e oE T
A 718PE+ 5 =7F MEHHP 25.79 ug/g creatinine,
MEOHP 22.20 ug/g creatinine®]th.? L3k o] A
TolM 25 & T ZEHO|E YA Fee
QBT £ FEoldnk. sEjuete] SRS R
A71Z22AE Ame oahd 2011 4d91e] & F =
geo|E A €] 718+ F == MEHHP 23.29
ug/g creatinine, MEOHP 17.53 pg/g creatinine,
MnBP 46.07 ug/g creatinine®] $1th.? o] o@o]7}t
g1l Hlsl SelAlTE Aol B Aed 54

http://www.kseh.org/

o] 94+&= MEHHP, MEOHP, MECPP, MnBP,
MBzP B A2 <Fe] 2=3aA17E it Z9kle]
3 AFolME oJol2] @ 5 IDEHP, MBzP, MnBP
X 7] %) AdAol e Ao HuHYED
divlze] 3-64] oJHolE U Z 3 A Fek 2
% MnBP, MBzP, MEHHP, MEOHP, MECPP 5%
Aole] frolgh A#S JERIIAL(p<0.001)*, ©] A
Tob vlset AES B

o] AFoX 25 & F T o|E thAH
FE % 9 £ MEHHPS} MEOHP?] creatinine .
A A see ARG G FEUt U B%
o} 0|8 g A= AollA & 5 MEHHP (p<0.01)
9} MEOHP (p<0.05) %9 523 xfo]7} el
71E Ao A Hlsze Ayt BaE ub d9doh
ol AW W 7HAE AFNIES] Afo|7t Ze
#olE Fxo TS FAUL Ao FgH 1
Hy & % MEHHP2} MEOHP2| creatinine X7
3 FEE creatinine =9 29 AHAAE e
WAch FESH o] Aol I ke AVE B
H3 o] FF AWy ZgyolEe] st =&
AR k] A&ARl A7t dast Aoz Helrh

AF A5 % MEHHP$} MEOHPOI| A
creatinine 24 A F&
A|gt, creatinine B & FxolA= T 1147 T
12416 v]3l] FAHOR FolsH #2 2o et
ok olgd Z#E creatinined] =71 9F 114 R
of ok 12494 o E7] "<&l creatinine F=2
FEgFS e Aoz AZHEY, )9 & AFE 4
HEH AFo] vre ojolU4E @ T MEHHPY}
MEOHPZ %3}5 DEHP (p<0.001) %7} 2]t
A Eo Aog® RyHy o o] AFoA |
W B A% 7He] {98 xols Hole e 2
B 7re] 7FsAde] e Aoz FGET Table 7
o FrpEE A, Ao
AR F=5 ¥|as Aol
o Ape} o] Aol oAU Hlw A o] o
s ZEYO|E i A 27t w2 AES .

TheaE B A ot o] Ay 2 T =
gdeolE giA sxe] A9 F 7HAES s
A k& ofdelrnt F 13] o} HF S ofHelrt

ol
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8 = MnBP9] creatinine 4 Z-%& T 25 & T & = MBzP 559 ZgliE &7 E= ¥
ttt. o= MnBPe| EA|Ql DnBP7} E2}2E §7] Z AE AdF 7] felst A3 (p<0.05)0] BIALE]
% 24} T4, TR, 24, 9 'g—% WESHE AU EREZME ¥ 9 sheaEe] okd A
AL Agshe Aol AR EY] F 7 Ee £ Askar 21745 Alehs 92 ofglo] tiiito] Ze|
| Aog AZEn 71E °4¥°ﬂ*1% FHYYA o|Eo| thgt HH7H e Hiske S BATHY
F ko] FFolA DnBP7t 718 B8P, T 7HEAFE olAE TheAFEel 871 AT A, 28] EE
%l 715, 7, oA DnBP7F 50% ©1% = =2 "ol ARgshe AN AEFH HETCR
H Zo® WyEI o] o] dAxE ksl A QIAIS ZRHO|E =& 848 A3 ZloR
AT FEFH, o] AFollM g EF A Fe] A Az )
Hert Be42 9 = MBzPY creatinine 274 I Qe AFHy 2 T ZeEolE AR 7He]
-5 T=7F ST, ol MBzPe] EA|S Aol A3 tkE A7ES AEY 8 5 MEOHP
BBzP7} @40l AREsh= PVC 989 S 3 9} MEHHP= 7z} 70 21E-F(OR=8.06; 95% CI:
2E 2 A AF oldE oz Azt o] 1.96-33.20), @ EAXEF(OR=6.59; 95% CI: 1.41-
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Table 7. Summary of studies on urinary phthalate metabolites
GM’
Country  Gender v ears) N Study year MEH;I;g MEO;I;g MECiZ/g MnB;’g/g MBZ:g/g
kgL o M gL o M gL o M gL cr. ug/L cr.
Sweden™ - 6-8 49 - - - - - - - - 1018 - 252
- 9-11 48 - - - - - - - - 73.8 - 20.0
Poland*” - 2 148 2007-2008 7.2 - 4.4 - - - 83 - 0.9 -
Denmark®® - 3-6 441  2008-2009 324 - 16.2 - 37.1 - 780 - 13.3 -
Austria® - 6-15 230 2010-2011 30.0 - 20.0 - 60.0 - 450 - 25.0 -
Austria®” - 6-8 30 2010-2012 - 18.0 - 13.0 - 31.0 - 33.0 - 7.0
- 7-15 215 2010-2012 - 31.0 - 33 - 15.0 - 120 - 2.5
Korea™ Boys 6-19 342 20112012 - 16.3 - 12.6 - - - 287 - -
Girls  6-19 342 2011-2012 - 18.1 - 14.7 - - - 350 - -
Taiwan™ Boys 7-18 54 2013 298 250 230 193 382 321 195 164 06 0.5
Girls  7-18 43 2013 155 185 119 142 204 242 162 193 ND' ND'
Taiwan™ Boys 9-11 21 2014 21.5 - 13.9 - - - 379 - 0.4 -
Girls  9-11 16 2014 14.8 - 10.1 - - - 192 - 0.6 -
China®” Boys 5-10 221 2013-2014 524 - 28.7 - 73.9 - 1524 - 24 -
Girls 5-10 213 2013-2014 33.0 - 18.9 - 48.8 - 994 - 2.0 -
- 5-7 321 2013-2014 39.5 - 22.3 - 58.4 - 1259 - 2.4 -
- 8-10 113 2013-2014 526 - 28.5 - 70.6 - 1278 - 1.4 -
China®" - 6-12 336 2014 - 424 - 12.0 - 14.8 - 60.0 - 2.8
This study Boys 11-12 74 2016 37.1 288 248 193 443 344 787 612 31 24
Girls 11-12 82 2016 298 246 196 162 376 31.1 576 476 27 22
- 11 54 2016 368 30.1 242 198 43.6 356 718 587 29 24
- 12 102 2016 312 248 208 165 392 31.1 643 511 29 23
*Geometric mean, Not detected
J Environ Health Sci 2018; 44(5): 433-443 http://www.kseh.org/
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