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Abstract; Objective To analyze the combined use of food additives in China, and to assess exposure levels of the
common combination of food additives and its cumulative health risks. Methods According to the combined use of food
additives in China in the global New Product Database, the maximum allowable amount of food additives of National Food
Safety Standards the Use of Food Additives GB 2760-2014, food safety risk monitoring result in China from 2015 to 2019
and the data of the Chinese total dietary study in 2012, a simple distribution method was used to calculate the theoretical
and the actual exposure of the common food additives combination in Chinese population and hazard index (HI) method
was used to evaluate the cumulative risk. Results Two or more food additives was used in 79. 90% of the foods in China,
and the highest utilization rate is binary combination, followed by ternary combination and quaternary combination, with a
maximum of 29 combination. Through the use of the quaternion combination, the average theoretical daily exposure of

sodium benzoate, cyclamate and potassium sorbate in the diet of the general population in China was 1.30, 1.07 and
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1.51 mg/kg BW, respectively. The theoretical exposures in the diets of the high food consumption group (P95) were
4.44, 4.69, and 5. 19 mg/kg BW, respectively. The proportion of individuals whose average daily theoretical exposure of
sodium benzoate, sodium cyclamate and potassium sorbate exceed their corresponding acceptable daily intake ( ADI) in the
general population was 5.50%. Through cumulative evaluation, it was found that 4 376 individuals had HI=1, accounting
for 13.69% of the surveyed population. According to the actual monitoring data, the average actual daily exposure of
sodium benzoate, cyclamate and potassium sorbate in the diet of the general population in China was 0.17, 0.08 and
0.05 mg/kg BW, respectively. The actual exposures in the diets of the high food consumption group (P95) were 0. 58,
0.33, and 0.44 mg/kg BW, respectively. The proportion of individuals whose average daily actual exposure of sodium
benzoate, sodium cyclamate and potassium sorbate exceed their corresponding ADI in the general population is 0.02%.
Through cumulative evaluation, it was found that 12 individuals had HI = 1, accounting for 0.04% of the surveyed
population. Conclusion Food additives in China are usually used in multiple forms, the most commonly used additives in

binary, ternary and quaternary combinations have low cumulative exposure risks. However, individuals with HI=1 should
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adjust their diet.
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Table 1 Top five frequency combinations of the top six food additives combinations
HEH Hey HE B A3
1 AR 0.328 079 16 192
2 PR 0.296 207 14 619
—Jt 3 Ll AL R A7 0.209 750 10 352
4 Tk R B 0. 188 151 9 286
5 Tt R 0. 117 660 5 807
1 INBLFRBR i iR 0. 110 650 5461
2 FrE RN TR 0. 088 422 4 364
—Jt 3 WAL B A E IR N 0.078 271 3 863
4 e R L e (T TR L4 0. 066 236 3269
5 FEIETR A E R A 0. 060 400 2 981
1 INAL R AT I AR 0. 035 640 1759
2 AR A R 4l A A5 TR 0.034 891 1722
=7t 3 WAL AR ER % F R 4 5 TR 0.032 216 1590
4 LIRE KRN 7R 0. 030 251 1 493
5 WIRMR ATETIRAN IR 0. 027 880 1376
1 INFLR B 2K T R AN BITE R AT R 0. 020 647 1019
2 INALFRER WS B R R riEm 0.019 431 959
[Lib7 3 FH RN BRI FHE R iR 0.019 249 950
4 INAL R B0 % F R AN P 3 WIS 4 0.018 094 893
5 NS R B0 8 B RN AT ISR BG4 0.017 425 860
1 R LUK FLARBEER B R A R AN 2% A R 0.005 775 285
2 RHLBE AR EALER AR N 1L AR B 0. 005 288 261
HIG 3 NP FLRRBERR A 2 I BLR BN A R B A R 0. 005 187 256
4 RALRE L0 (AL FRER E Al AR 4 45 S MR M 0. 005 106 252
5 ok AR BEER AR L BLER AR AR AN A AR N 0. 005 045 249
1 B BUIT L | LV AR E i D- T R | LD AL 0. 001 520 75
2 By 37 L | L VE AR R E O D M A (L AURE | R Ak 0.001 378 68
N6 3 AEE PR 2 2 e L AR EE | D-TH R R 0.001 317 65
4 WREHE VAR DT 2B Ak BT A L AL R 0.001 256 62
5 IRE Hh D R L AU RE | AR | B T A A 0.001 216 60
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Table 2 Theoretical and actual exposures of a single food additive in common food additive combinations

PR R 7R

s sl N P P50 P90 P95 kM HIfH/ADI P95/ADI

/(mg/kg BW) /(mg/kg BW) /(mg/kg BW) /(mg/kg BW) /(mg/kg BW) /% /%

2~6 % 219 2.69 1.49 6.41 9.23 34.27 53.79 184. 65

7~12 % 1471 1.85 0. 85 4.42 6. 80 33.18 36.92 135. 96

13~17 % % 354 1. 11 0.57 2.87 4.23 7.36 22.20 84. 54

13~17 %4 341 1.18 0.63 2.85 3.86 8.29 23.59 77.29

RPN 18~65 % 43 10 480 1.25 0.48 2.59 4.17 36.73 24.93 83. 41
18~65 ¥4 13 602 1.29 0.53 2.77 4.32 60. 58 25.77 86. 37

>65 % 5 2752 1.22 0.51 2. 64 4.27 40. 20 24.30 85. 40

>65 % 4 2749 1.27 0.56 2.74 3.99 65.90 25. 40 79. 82

ait 31 968 1.30 0.53 2.81 4. 44 65. 90 25.98 88. 81

2~6 % 219 2.50 1.36 6.91 8.57 21.33 35.75 122. 42

7~12 % 1471 2.00 0.73 5.26 7.50 48.57 28.62 107. 17

13~17 % % 354 1.25 0.38 3.55 4.51 26.26 17. 80 64. 47

13~17 24 341 1. 44 0. 61 3.98 5.33 16.78 20. 56 76. 10

it R 18~65 % 4 10 480 0.96 0.11 2.54 4.23 29. 90 13.78 60. 41
18~65 % 4 13 602 1.04 0.16 2.79 4.52 37.33 14. 86 64. 58

>65 %4 2752 1.02 0.13 2.69 4.74 31.41 14.52 67. 69

>65 %1t 2 749 0.98 0.11 2. 60 4.28 42.72 14. 00 61.21

&1t 31 968 1.07 0.15 2.90 4.69 48.57 15.27 66.97

2~6 % 219 3.86 2.60 9.23 11.36 22.90 35.13 103. 30

7~12 % 1471 2.72 1. 66 6.43 9.53 28.76 24.74 86. 67

13~17 %53 354 1.59 0.97 4.10 5.25 8.22 14. 48 47.72

13~17 & 341 1.84 1.34 4.34 5.86 12.32 16.75 53.27

B4R 21 18~65 % B 10 480 1.38 0.70 3.22 4.79 30. 14 12.50 43.51
18~65 %4 13 602 1.47 0. 81 3.49 5.00 33.27 13.38 45. 45

>65 % 2752 1.34 0.74 3.18 4.51 20. 39 12. 18 40. 99

>65 %4 2749 1.46 0. 81 3.35 4.87 33.19 13.32 44.24

A1t 31 968 1.51 0. 80 3.58 5.19 33.27 13.70 47.17

S 2 i i
bRl Iyl N k() P50 P90 P95 R MH ¥ ADI  P95/ADI
/(mg/kg BW) /(mg/kg BW) /(mg/kg BW) /(mg/kg BW) /(mg/kg BW) /% /%

2~6 % 219 0.41 0.28 1.03 1.43 2.50 8. 30 28. 65

7~12 % 1 471 0.28 0.16 0. 67 1.00 4.71 5.65 19. 98

13~17 % %8 354 0.18 0.10 0. 46 0.59 1. 66 3.59 11.71

13~17 & 341 0.18 0.11 0.46 0. 60 1.82 3.69 11.96

KRN 18~65 % 5 10 480 0.16 0.09 0.36 0.52 6. 19 3.21 10. 34
18~65 %4 13 602 0.17 0.10 0. 40 0.57 7. 04 3.46 11. 46

>65 % 2752 0.16 0.09 0.36 0.52 2.69 3.15 10. 41

>65 %4 2 749 0.18 0.10 0. 40 0.59 4.77 3.50 11.87

&1t 31 968 0.17 0.10 0. 40 0.58 7.04 3.49 11.63

2~6 % 219 0.15 0.05 0. 42 0. 65 1.97 2.16 9.24

7~12 % 1471 0.13 0.03 0.33 0.50 3.06 1.79 7.11

13~17 % % 354 0.08 0.02 0.21 0.29 1.65 1.07 4.16

13~17 ¥ % 341 0.09 0.03 0.25 0.32 1. 06 1.23 4. 60

ftE=R 18~65 % 5 10 480 0. 07 0.01 0.19 0.31 2.56 1.05 4.39
18~65 % 4 13 602 0.08 0.01 0.20 0.33 4.27 1. 11 4.71

>65 % % 2752 0.07 0.01 0.19 0.32 2.73 1.06 4.61

>65 54 2749 0.07 0.01 0.18 0.30 4.49 1.01 4.29

it 31 968 0.08 0.01 0.20 0.33 4.49 1.12 4.70

2~6 % 219 0.35 0. 30 0.70 0. 88 2.16 3.20 7.99

7~12 % 1471 0.26 0.18 0.58 0.75 2.28 2.39 6. 81

13~17 %% 354 0.18 0.14 0. 40 0.53 0.91 1. 64 4.79

13~17 & 341 0.19 0.14 0. 44 0.57 1.25 1.75 5.19

L B4R B 18~65 % A 10 480 0. 14 0.10 0.31 0. 40 2.76 1.24 3.59
18~65 % 4t 13 602 0.14 0.10 0.31 0. 41 2. 14 1.28 3.71

>65 % 5 21752 0.14 0.10 0.31 0. 40 1.18 1.27 3. 64

>65 % It 2 749 0.15 0.11 0.32 0. 41 1.99 1.33 3.77

it 31 968 0.15 0.10 0.33 0. 44 2.76 1.35 3.97
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Table 3 Proportion of theoretical and actual exposures to the
food additive in common food additive combinations in the

general population that exceed ADI
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B 7% T b B ‘
Sl AKC # ADI  #if ADI  # ADI  #id ADI (LRI I Bl
N W% N W Hy 3tk — 3k 4 T T IR T [ £ R 000 A B R
2~6 219 49 22.37 0 0. 00 \ o ;
¢ PPAG T ARSI S, A B 58 % 05 3 FH 0 2 5 4 i )
7~12 % 1471 181 12.30 0 0. 00 o oyl ) O
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18~65 %4 13 602 722 5.31 2 0.01 R R
>65 % 5 2752 130 4.72 0 0. 00 fERLL KR HOPOS B e AR R B L ADI A, H
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Table 4 Theoretical and actual HI of common quaternary additive combination
it HI 2B% HI
o s _ e _ _ S bR _
¥ P50 P90 P95 P97.5 P99 KM HIE P50 P90 P95  P97.5 P99 fK{H
2-6% 219 1.25 0.81 2.8 3.75 506 6.34 11.38 0.14 0.10 0.32 0.39 0.54 0.62 0.69
7~12 % 1471 0.90 0.52 2.13 3.00 4.10 6.15 11.22 0.10 0.06 0.21 0.32 0.41 0.56 1.09
13~17 % 4% 354 0.54 0.30 1.44 1.78 2.11 2.32  4.02 0.06 0.04 0.14 0.18 0.24 0.31 0.38
13~17 %% 341 0.61 0.42 1.47 1.85 2.19 2.43 3.53 0.07 0.05 0.15 0.20 0.22 0.26 0.44
18~65 %5 10480 0.51 0.23 1.10 1.67 2.77 5.57 12.73 0.06 0.03 0.12 0.18 0.24 0.33 1.41
18~65 %4 13602  0.54 0.27 1.18 1.76 2.62 517 20.47 0.06 0.04 0.13 0.18 0.24 0.34 1.60
>65 Y1 2752 0.51 0.24 1.13 1.68 2.67 4.75 13.60 0.05 0.04 0.12 0.17 0.23 0.28 0.62
>65 $ 4 2749  0.53 0.26 1.12 1.56 2.57 4.58 22.30 0.06 0.04 0.13 0.17 0.23 0.32 1.13
&t 31968  0.55 0.26 1.22 1.82 2.82 5.27 22.30 0.06 0.04 0.13 0.19 0.25 0.36 1.60
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Figure 2 Theoretical accumulates risk individual distribution

of the most commonly used quaternary additive combination
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Figure 3  Practical accumulates risk individual distribution of

the most commonly used quaternary additive combination
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