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Abstract: Objective To investigate the internal exposure levels of urinary five food additives among primary and
secondary school students in Beijing. Methods In September 2016, 900 urine samples were collected from children and
adolescents in primary and secondary schools in two districts of Beijing. The concentrations of five food additives were
determined by ultra performance liquid chromatography coupled with tandem mass spectroscopy, including benzoic acid,
acesulfame, cyclamate, saccharin, and 4-hexylresorcinol. The estimated daily intake (EDI) values were calculated to
assess the health risks according to age groups. Results Cyclamate and saccharin were detected in all urine samples and
the detection frequency of acesulfame was 96.3%. The median concentration (4 788.5 ng/mL) of cyclamate was
significantly higher than that of the other four food additives (84. 1 ng/mL for saccharin, 92. 6 ng/mL for acesulfame,
235. 9 ng/mL for benzoic acid, and 7. 6 ng/mL for 4-hexylresorcinol). Urinary concentration of benzoic acid was higher in
students aged from 7 to 12 than in the students aged from 13 to 17 (P<0.001). The urinary concentrations of acesulfame,
saccharin and 4-hexylresorcinol in students aged from 13 to 17 were significantly higher than those in students aged from 7 to 12
(P<0.001). Girls had a significantly higher urinary saccharin concentration than boys in the 13-17 age group (P<0.001). The
median estimated daily intake (EDI) of the five food additives were 3. 48 wg/kg* BW/d for benzoic acid, 1. 36 pg/kg-BW/d
for acesulfame, 69.01 pg/kg:BW/d for cyclamate, 1.22 pg/kg:BW/d for saccharin, and 0.11 pg/kg:-BW/d for 4-
hexylresorcinol, respectively. Conclusion Primary and secondary school students in Beijing were widely exposed to five

food additives. Some children were expsed to cyclamate at levels higher than the acceptable daily intake (ADI), posing
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health risk. The exposure levels of the other four additives were far below the ADI and were generally at safe levels.

Key words: Food additives; primary and secondary school students; exposure assessment; biomonitoring
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Table 1  Elution gradient of mobile phase

15 8] /min W/ (mL/min) A/ % B/ %
Initial 0.1 90.0 10.0
1.00 0.1 80.0 20.0
5.00 0.4 70.0 30.0
7.00 0.4 1.0 99.0
8.00 0.4 1.0 99.0
8.10 0.4 90.0 10.0
10.00 0.4 90.0 10.0
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Table 2 Mass spectrometric parameters for the target compounds

£ B ey Pasy =T
fett RERH I /min —— ERRT - BHERT
X/ (m/z) DP/eV CE/eV B X/ (m/z) DP/eV CE/eV
KR 4.30 121>77 -27 -17 121>77 -27 -17
LI 2.02 162>82 -37 -19 162>78 -37 -45
HiE 2.13 178>80 -77 -39 178>80 -77 -39
BEHR; 2.10 182>106 -70 24 182>42 -70 -60
4-C KR ) 2% — 1y 6.94 193>151 -60 -23 193>122 -60 -26
K HR-D5 4.26 126>82 -27 -15 — —
% % -D4 2.13 182>80 -80 -35 — —
WikE-C, 2.10 188>106 -70 -28 — —
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0. 003 ng/mlL, &t % F A& H R A2 BR A 0. 035 Ail
0. 117 ng/mL, A A9 4 H FR A2 5 BR R 0. 192 Al
0.640 ng/mL. 4-C & [A] % = 1 A9 4 PR AR 2 = FR
4 0.004 F10.012 ng/mL. K% H IR IETT Inkr
M SE 55, 5 A B AR Ak 6 9 ks [\ 05y 84, 5%~
113. 7% , KR A5 WA 25 /N T 8% (n=5) .
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BRI AR A A6, % FH Kruskal-Wallis £ 56 $F 1 A
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LOQ/V2. FrA Mgt sr B3 H SPSS 26. 0 #E17,
P<0. 05 B IA Ry ELA Ge T2 2 S0, WU 5 .
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Table 3 Demographic characteristics of the participants

HEAE AR W (n=395) %4 (n=505) P
G Y4 13.2(5.7) 13.0(6.1) 13.4(5.2) 0.23
55 /m 1.6(0.2) 1.6(0.2) 1.6(0.2) 0.06
A kg 46.4(24.3) 46.0(26.3)  48.0(23.0) 0.37
BMI/(kg/m?) 19.2(5.6) 19.1(5.9) 19.3(5.1)  0.87
BMI4} )2

EH 666(74.0%) 283(31.4%) 383(42.6%)
B 121(13.4%)  53(5.9%)  68(7.5%)

e 113(12.6%) 59(6.6%)  54(6.0%)

VEAEWS B KT R BMI i VR LR IR IE A5 4 A, L
e (V53 (7 50T B ) 2675 5 BMI A2 BURE AR fik (F9 % L) %73 3 BMI: 1
i 48 5
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N T4 SRR 78 A BT VORE RE AT (R
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(4788. 5 ng/mL) W] fil 155 T FL A 4 Fh£ 58 in 57 CR H
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4-CV L TE] 2K T 7. 6 ng/mL) , Eif 5 K (1) B W AT
ik 436 583.9 ng/mL. CE b U I 550458 FH br ofE ) L
i 4 R A B e KA i AT A 8.0 g/kg, B B R
FH A 4 M S AN . ZHANG &5 E T K
i 54 24 A N PR Th 22 385 T 22 ROBERG , 2 3%
% (4 070 ng/mL) FIUBEAE (918 ng/mL) (1) Hp a7 ¥ J& 75
T AW, T 5 K (628 ng/mL) 5 A HF 57 b K F &
ik, SHI S ME Tt 15 44 AR AR h 22 38
BEFNBENG | AL Wk BE 4300 o 10,7 F1 32, 7 ng/mlL, 3

2.2
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WeHE A 83.3 ng/mL, b FAL T AT . X 0T AEZ
T SCHk A B ARR A S D JETR R B e A AR R
S VA2 11 1) A 22 R K7, L RAT R [ 4 B v /N

AR BRI BN [R]. % F R R H  E R 3 FE E
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F4 dERTH RN A R 5 B ES IR EE (n=900)

Table 4 Concentrations of five food additives in urine samples of primary and secondary school students in Beijing City (n=900)

wEY ki R/ % Min P25 Median P75 Max
PRBAEAR MR /(ng/mL)
7R 85.7 <0.004 35.66 235.92 935.11 55501.59
LI 96.3 <0.001 6.40 92.56 745.43 27 807.90
HESS 100.0 0.83 941.14 4788.53 15 612.45 436 583.9
WK 100.0 4.53 31.61 84.09 339.24 225 342.35
4-C B i) 2% 63.2 <0.004 0.03 7.55 33.26 255.59
WUBF 2 I 5 W/ (pg/g)
KR 85.7 <0.001 19.80 160.91 670.61 41 496.52
LI 96.3 <0.001 5.23 60.06 474.88 18 896.37
HIEES 100.0 0.12 650.69 3358.28 10 276.45 378 781.80
WK 100.0 0.37 21.87 53.40 221.02 137 903.34
4-0 FE 0] iy 63.2 <0.001 0.03 4.64 18.34 375.10

2.3 AFE 5 RS IR AR e

AR % AT g 23 T TE HiL S e RO TR IR R vk
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H 288 A (Acceptable daily intake, ADD) NS I
fli () ADL{H , BRI H R 22 36 % I EE R FIBEAE 1 ADI
53514 5.9.7.5 mg/kg: BW/d22 ) BT45 1.5 %
25 B 28 BATIH A T A T /R A2 ) EDIL b
nUiiH/NE A S R E I IR A EDI{E WL R 5. it
HEZH EDI{E N 0.022~14 407. 27 wg/kg-BW/d, h
£ EDI {4 69.01 pg/kg-bw/d, i, H 1 4 9%
MR 1% T %0 & % EDLAE 43 5 2 8.27 Fi
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W ol 25 Y 1R B A i B e B4
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EDI {4 0. 11 wg/kg*BW/d, Ab F 8K AY K,
INEE A A R S N TR D B AU BN o R
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FEWA RS S L EZ PR R FETT L
0 1% S AR S AR E I ROR B
WHO % i (9 25 38 20 48 7 56 T i i 50 oF fik e
SR B4 B UE Al < RPBE FE B A 0 T 2 A2 1 A H AR
T8 PR PN 9 o R0 A R B A e s 5 e R AR
RAE H PRI 502 AR B o AR R AE MR ]
DS HAMRIAITE A X T BN H AR 0K b
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Figure 1
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Comparison of urinary concentrations of five food additives in students of different ages

5 bt N A SRR SIS INGR e B AL T H B (pg/kg - BW/d)
Table 5 Estimated daily intake of five food additives in primary and secondary school students in Beijing City (ng/kg- BW/d)

EY Min P10 P25 P50 P75 P90 P95 Max
KR <0.001 <0.001 0.48 3.48 14.2 53.54 92.95 990.03
YR <0.001 0.014 0.10 1.36 10.62 41.86 73.00 382.36
FiES 0.022 2.09 13.14 69.01 224.57 543.06 831.90 14 407.27
HEHs 0.037 0.241 0.48 1.22 491 21.61 79.90 2723.92
4- 00 JE[H] 2K — <0.001 <0.001 0.001 0.11 0.43 0.89 1.00 4.67
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