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Analysis of Phthalic Acid Esters in Plastic Bottled Beverages LI Li-qun', CHEN Rong-fang’, GAO Qiang',
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Ministry of Education, School of Public Health, Fudan University, Shanghai 200032, China; 2.Shanghai
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Abstract: [ Objective ] To determine the concentrations of di-ethyl phthalate (DEP), di-n-butyl phthalate (DBP)
and di(2-ethylhexyl) phthalate (DEHP) in beverages bottled in plastic containers and to analyze the effect of some factors on
the concentration of phthalates. [ Methods | Forty-nine different brands of beverage were selected from the market and gas
chromatography was applied to determine the level of phthalates in the beverage. The differences between three sorts of beverages
(tea, juice, and dairy drinks) were tested by ANOVA and the effects of storage time and pH value on the concentration of phthalates
in beverage were analyzed using Linear Regression Model. [ Results ]| DEP wasn’t found while the detection rates of DBP and
DEHP in samples were 98.0% and 100% respectively with the average concentrations of 0.038 mg/L. and 0.071 mg/L respectively.
The detection range of DBP and DEHP in tea drinks were 0-0.047 mg/L. and 0.045-0.146 mg/L respectively. The highest detection
level of DBP in juice drinks was 0.127 mg/L., and DEHP was found in the range from 0.060 mg/L to 0.371 mg/L.. The maximum
concentrations of DBP and DEHP in dairy drinks were 0.081 mg/L. and 0.089 mg/L respectively, and the minimum concentrations
were 0.032 mg/LL and 0.033 mg/L respectively. The levels of DBP in juice and dairy drinks were significantly higher than those in
tea drinks (P=0.003 and P=0.002). The levels of DEHP in juice drinks were higher than those in tea and dairy drinks (P=0.001 and
P=0.002). The fixed multivariate linear model showed that, the logarithms of DBP concentrations of juice and dairy drinks were 0.36
and 0.50 units higher than that of tea drinks, the logarithm of DEHP concentration of juice drinks was 0.47 units higher than that of
tea drinks, and the logarithm of DEHP concentration of acid drinks was 0.30 units higher than that of weak acid drinks.[ Conclusion |
It can be concluded that the detection rates of DBP and DEHP in plastic bottled beverages were fairly high and their levels varied
from the different kinds of drinks. However, the concentrations of phthalates meet the national prescribed standards. The major
sources of phthalates in drinks are residues in raw material and migration from plastic bottles. Besides, the level of DEHP would
increase with the pH value of drinks decreased.
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Figure 1 Phthalates structure

1 MRl 5F%
1.1 ES5%%

EHEGC2010 AR AL ( H A S HAF] ); TGML-16G 7
BB URELOHL( HIF LSRR ) RS 4 ( iR
KAL) )5 TI-360 R i kAR A% ( A IR S AR T );
ANPEL DC12 AL ( i L8 R E A A H] ;. Mettle 43
BERAF- CHRR ) — FER 2GR F] ),

1.2 #at5 K )

A4 HIRNEPRIES, . DEP( CAS No. 84-66-2, CP, = 99.5% ).
DBP( CAS No. 84-74-2, AR, =99.5% ), DEHP( CAS No.117-81-7,
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standards added
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H T DEP % i 2%y 0, ik R XF FLtk — 25 43 #. Pk} b DBP,
DEHP (% 5 28 ISR I S WA 70 A, 2P B 5 52 1
oA, RAJUTEE(CM ) 2 T35 & . 458 5% DBP,
DEHP [ H 5648 8, XU E 434 0.038 me/L(95% I {5 X
] 247 0.021~0.089 me/L ) #10.071 me/L( 95% A {3 IX. [i1] Ay 0.046~
0.245 mg/L ) 2548 DBP A1 DEHP [ 46 1 #e J3 3 [ 43 51 b
0~0.047 mg/L F10.045~0.146 mg/L. Ik DBP 895 sk
He 34 0.127 me/L, DEHP (95 38 [l 2 0.060~0.371 mg/L; Wil
ik L Ok H DBP AT DEHP B f5t A AEL 43 51 4 0.081 mg/L Al
0.089 mg/L, Fe/IMES3 54 0.032 mg/L F10.033 mg/L

&1 X+ DBP 1 DEHP & H RN & B2 (=49 )
Table 1 The detection rates and distributions of DBP and DEHP in beverage

22 RE4FF DBP, DEHP 4% Jbik

M STk RE, 43 ) % T 8 5 i 8RR AR R DBP
DEHP /K- B 204 7 R 40T o AR v 5 B AR
J | A7 IR & pH B 3 R o Hoh et il ( 3 ) 2R il
H I B A B RGP IRC A, 4300 1.5~12 4 A A% pH
B AT IR R RS, YEIEIAE 3.5~7.0 Z 0] B ixX = R3¢
Wi B 24320, H 4R [ 2 1] DBP . DEHP 7K - By %o 4 . 49 Fil
YORME RN 43 9 341, R U5 22 53 B CANOVA ) XA [] i 28
OB DBP . DEHP & it AT 22 50k 0, i T — 2000k}
DBP. DEHP ¥ J& (1 % 50 B 35 52 5 25 55V ( Levene 7 25 57 LK
55 PAE 454 0.097 710.926 ), Wi EL iR I LSD %, F£2
N, AR CRL RN ME L 28 10k DBP 1 F 1 (43312 P=0.003
F1P=0.002 ) ¥ & T 2800k s PoR A 2L 2 POkl o DEHP
(55 5 (43518 P=0.001 F1 P=0.002 ) ¥R TSR0k, LAAEfi%
L3 AN S o s, B R Ak 43 25 Bk, 25 R R IR
L DBP Al DEHP & 15t ( 435128 P=0.171 1 P=0.240 ) 7£ A~ ]

Kbl Kb ER A NY ORI AL A
Phthalates JCases D:te('lion ( (2\//1]_, ) Distribution of concentration( mg/L ) ﬁ,ﬁ% ETJ‘ Iﬁjéﬂ Ij‘] %E‘jﬁgﬁl+i%x o *E*}ij% pH {E’I%tk*’l‘éj\j‘j@ﬁ‘&
mg
detected  rate(% ) Ps Py Py P Py (pH < 4 FNFSERYEC pH>4 ), R PCRHH DEHP 75 #( 0.079 mg/L )
DBP 48 98.0 0.038 0.021 0.029 0.034 0.045 0.089 r%— ﬂ: 5’% M lri tk *)l_ 2& E/‘J é\ i ( 0.058 mg/L )’ % j‘zﬁ'i ﬁ éﬁ"’[: -‘L-l— % JEJ,‘: SL
DEHP 49 100.0 0.071 0.046 0.056 0.070 0.090 0.245
( P=0.004 ),
#F2 AEREHDBPFIDEHP & 2L
Table 2 Comparison of the concentrations of DBP and DEHP in various drinks
R N . DBP DEHP
B% 5% Ko — _ n_— _ :
Factors Sorts Number Kt KR (%) GM Kk KR (%) GM
Cases detected  Detection rate (mg/L) Cases detected Detection rate (mg/L)
AR (Tea drinks ) 20 19 95.0 0.029 20 100.0 0.061"
YRS AL T 1 .
. IR Juice drinks ) 21 21 100.0 0.042 21 100.0 0.093
Drink type
IMEFL2E ( Dairy drinks ) 8 8 100.0 0.049° 8 100.0 0.059"
TetEmti (A ) <3 25 25 100.0 0.040 25 100.0 0.076
Storage time ( Month ) >3 24 23 95.8 0.034 24 100.0 0.066
pH1E <4 33 33 100.0 0.040 33 100.0 0.083
pH > 4 16 15 93.8 0.033 16 100.0 0.058

[VE ]2 FZ 047, 52408+ th DBP 4 & 2% ( Compared with the level of DBP in tea drinks ), P<0.05; b 5 &= kb By DEHP 48 H 52 ( Compared
with the level of DEHP in juice drinks ), P<0.05; ¢: 5 pH{& >4 t 4k ¥ 4 &y DEHP 4 & I 32 ( Compared with the level of DEHP in drinks that pH

value above 4 ), P<0.05,

2.3 444 DBP. DEHP 4% %A B & 547

FI AL MBS 22 (R 22 5397, 1 DBP. DEHP ¥ Ji 11
X B A I AR I, BRI ZS | A7 A s [R) R0 pH (B 55 1T RE 2 i)
RN A— MR, 25 B Wow, SOk A 5 2%
YR DBP & fA)3 i 2 i TR IORI & i (P <0.05); Pk
DEHP & 7 [ 4 rh 22 Sl B Ge v 2438 L (P=0.008 ),
HAR Ok DEHP 5 BB UORE R ( P=0.010 )5 AAA#[]
ZRNT444H 18] DBP . DEHP 175 1 il i .

SRR IE G T W E F 5, L DBP YR 9 6 il

%3 {"#l$ DBP. DEHP & 2%

SRR, DMIORIFZE R A AR A — MR A 25 NSk
3PN, SRR EL, ST UORH DBP R X B0 2
0.36 4~ FLAL( P=0.003 ), MIMEZL R DBP e 2 (1) % 50 2 5
5 0.50 4~ HLA3 ( P=0.002 ),

DL DEHP ¥ J3 1) X BU0E ok i A8 f, DAARRHRI S | 108) pH
B0 A A A — LR MY 25 L 3, SASCRA T,
SOk DEHP ¥ i 1 X E{E 25 ) 0.47 4~ FRLAZ( P=0.006 )
PP 4 OREH DEHP YR J3 A9 %ot 4000 BL 559 18 7 20 1Ok 95 0.30 4
H ( P=0.036 ).

e E SR 47 ( Lotk B VAREER, n=49)

Table 3 Linear regression analysis of the factor related to the level of DBP and DEHP in drinks( n=49 )

.43 ( Content ) [HZ (Factors ) He44H ( Comparison group ) Z: B84 ( Reference group ) B SE t P
DBP PRFFZE ( Drink type ) HEHRL( Juice drinks ) 25k Tea drinks ) 0.36 0.114 3.164 0.003
WHEFL AR} ( Dairy drinks ) AUk Tea drinks ) 0.50 0.152 3277 0.002
DEHP PARIZE ( Drink type ) FET R Juice drinks ) 25Uk Tea drinks ) 0.47 0.177 2.893 0.006
miEFL A} ( Dairy drinks ) ZRHR( Tea drinks ) -0.031 0.191 -0.226 0.822
Pk pHAE (pH ) pH<4 pH > 4 0.30 0.144 2.158 0.036
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