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表 1  湖北省 12 类食品中 OPEs 的浓度水平分布 

Table 1  Concentration level distribution of OPEs in the 12 major types of food collected in Hubei Province 

Compound Statistic 
Cereals 

(n=35) 

Legumes 

(n=31) 

Potatos 

(n=28) 

Vegetable

s 

(n=86) 

Fruits 

(n=30) 

Meats 

(n=36) 

Dairy 

products 

(n=18) 

Eggs 

(n=12) 

Aquatic 

foods 

(n=18) 

Sugar 

(n=6) 

Beverages 

and waters 

(n=23) 

Alcohol 

beverages 

(n=18) 

Halo-OPEs 

V6 DF(%) 14.29 0 0 0 0 0 0 0 0 0 0 0 

 Mean±S 0.05±0.07 < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 



 

D 

 Median < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

 Max 0.33 < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

TCiPP DF(%) 94.29 83.33 79.31 75.58 70.00 72.22 66.67 66.67 66.67 83.33 78.26 77.78 

 
Mean±S

D 
9.84±8.82 7.06±13.25 11.81±29.59 6.19±6.70 4.98±10.67 6.67±7.45 5.6±4.83 5.5±5.93 5.07±5.02 4.79±4.72 6.56±4.70 5.01±5.70 

 Median 7.30 7.50 6.50 5.80 6.85 6.15 6.84 8.11 5.06 6.42 8.46 6.44 

 Max 35.57 71.31 161.43 30.63 48.47 38.97 14.96 16.65 14.76 12.27 14.92 19.44 

TDCiPP DF(%) 80.00 73.33 68.97 32.56 60.00 72.22 77.78 91.67 72.22 83.33 82.61 61.11 

 
Mean±S

D 
2.10±1.84 1.6±1.62 1.36±1.18 1.99±3.08 1.96±3.39 1.37±1.20 1.72±1.14 1.36±1.26 1.31±1.16 2.96±3.67 1.88±2.66 1.50±2.54 

 Median 1.59 0.98 1.09 1.18 0.71 0.51 1.48 0.56 0.62 1.69 1.13 0.63 

 Max 5.89 6.08 4.78 14.23 11.46 4.61 4.02 4.01 4.13 10.23 12.56 9.67 

TCEP DF(%) 28.57 3.33 10.34 18.60 16.67 11.11 5.56 0 0 0 8.70 11.11 

 
Mean±S

D 
0.72±2.43 0.08±0.02 1.04±5.02 0.16±0.38 0.15±0.39 0.17±0.52 0.08±0.20 < LOD < LOD < LOD 0.12±0.40 0.07±0.13 

 Median < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

 Max 5.11 0.19 27.13 3.03 2.21 3.09 0.87 < LOD < LOD < LOD 1.96 0.59 

TDBPP DF(%) 0 0 6.90 12.79 0 13.89 38.89 0 5.56 0 0 0 

 
Mean±S

D 
< LOD < LOD 0.11±0.26 0.19±0.41 < LOD 0.22±0.39 0.67±0.75 < LOD 0.15±0.23 < LOD < LOD < LOD 

 Median < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

 Max < LOD < LOD 1.04 1.95 < LOD 1.41 2.15 < LOD 1.07 < LOD < LOD < LOD 

Aryl-OPEs 

TPHP DF(%) 8.57 0 0 13.95 20.00 2.78 11.11 0 0 16.67 34.78 11.11 

 
Mean±S

D 
0.49±1.67 < LOD < LOD 0.19±0.43 0.2±0.76 0.23±1.13 0.24±0.62 < LOD < LOD 0.07±0.09 0.32±0.59 0.12±0.25 

 Median < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

 Max 7.14 < LOD < LOD 1.79 4.19 6.84 2.30 < LOD < LOD 0.26 2.24 0.95 



 

TMPP DF(%) 0 6.67 0 0 0 0 0 0 0 0 0 0 

 
Mean±S

D 
< LOD 0.02±0.03 < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

 Median < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

 Max < LOD 0.17 < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

EHDPP DF(%) 11.43 16.67 6.90 6.98 0 38.89 0 66.67 50.00 0 0 5.56 

 
Mean±S

D 
0.19±0.76 0.64±1.98 0.05±0.11 0.11±0.32 < LOD 0.58±0.99 < LOD 0.44±0.52 1.69±2.32 < LOD < LOD 0.19±0.72 

 Median < LOD < LOD < LOD < LOD < LOD < LOD < LOD 0.35 0.60 < LOD < LOD < LOD 

 Max 4.51 9.60 0.47 2.21 < LOD 3.39 < LOD 1.58 6.30 < LOD < LOD 3.07 

Alkyl-OPEs 

TiBP DF(%) 34.29 20.00 34.48 15.12 30.00 19.44 33.33 8.33 5.56 16.67 30.43 38.89 

 
Mean±S

D 
0.05±0.09 0.05±0.11 0.06±0.10 0.06±0.23 0.06±0.13 0.02±0.07 0.16±0.41 0.38±1.3 0.01±0.02 0.03±0.05 0.06±0.10 0.09±0.16 

 Median < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

 Max 0.48 0.55 0.46 2.05 0.59 0.41 1.72 4.51 0.10 0.14 0.32 0.52 

TnBP DF(%) 62.86 40.00 48.28 59.30 40.00 52.78 50.00 58.33 61.11 33.33 30.43 44.44 

 
Mean±S

D 
5.78±9.34 4.36±7.50 4.01±7.01 

10.88±15.

75 
4.56±9.92 4.53±7.10 

10.49±18.2

9 
8.16±11.58 

10.42±14.2

3 
1.51±3.63 1.76±3.46 3.01±4.86 

 Median 1.24 < LOD < LOD 1.09 < LOD 0.08 0.99 1.80 2.98 < LOD < LOD < LOD 

 Max 34.63 28.68 30.56 59.28 44.47 26.13 70.75 35.60 40.17 8.92 11.33 12.69 

TiPP DF(%) 8.57 6.67 6.90 11.63 3.33 5.56 11.11 8.33 16.67 0 0 22.22 

 
Mean±S

D 
0.06±0.12 0.05±0.09 0.18±0.76 0.16±0.60 0.06±0.14 0.02±0.03 0.06±0.18 0.02±0.01 0.03±0.06 < LOD < LOD 0.52±1.24 

 Median < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

 Max 0.68 0.39 4.12 4.85 0.78 0.18 0.76 0.05 0.23 < LOD < LOD 4.45 

TnPP DF(%) 0 0 0 4.65 0 0 0 0 0 0 0 5.56 

 
Mean±S

D 
< LOD < LOD < LOD 0.08±0.13 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 0.22±0.09 



 

 Median < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

 Max < LOD < LOD < LOD 1.21 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 0.58 

TMP DF(%) 82.86 70.00 55.17 61.63 56.67 77.78 72.22 66.67 72.22 33.33 26.09 38.89 

 
Mean±S

D 
3.15±4.88 2.28±4.23 1.44±2.60 0.73±1.27 0.32±0.37 2.91±5.33 1.60±2.01 0.61±0.63 3.87±6.25 0.11±0.13 0.29±0.58 0.50±1.05 

 Median 1.11 0.57 0.55 0.22 0.19 1.37 0.93 0.52 1.53 < LOD < LOD < LOD 

 Max 18.34 17.68 10.76 7.20 1.44 27.23 6.65 1.97 19.35 0.38 2.31 3.79 

TEP DF(%) 91.43 90.00 89.66 90.70 83.33 91.67 94.44 83.33 88.89 33.33 78.26 72.22 

 
Mean±S

D 
0.91±0.68 1.25±3.18 0.52±0.57 0.77±0.96 0.42±0.6 0.80±0.69 3.05±8.0 0.49±0.52 0.59±0.53 0.43±0.64 0.35±0.48 0.64±1.32 

 Median 0.83 0.59 0.30 0.40 0.31 0.75 0.35 0.34 0.32 < LOD 0.20 0.10 

 Max 3.00 17.81 2.17 5.13 2.46 2.87 34.14 1.80 1.57 1.41 2.18 5.63 

TBOEP DF(%) 5.71 0 0 2.33 3.33 2.78 0 0 0 0 4.35 0 

 
Mean±S

D 
0.11±0.57 < LOD < LOD 0.01±0.02 0.01±0.03 0.08±0.46 < LOD < LOD < LOD < LOD 0.01±0.01 < LOD 

 Median < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

 Max 3.39 < LOD < LOD 0.16 0.17 2.74 < LOD < LOD < LOD < LOD 0.07 < LOD 

TEHP DF(%) 0 3.33 0 0 0 0 0 0 0 0 0 5.56 

 
Mean±S

D 
< LOD 0.02±0.03 < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 0.20±0.26 

 Median < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

 Max < LOD 0.20 < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 1.28 

ΣAlkyl-OPEs

a 

Mean±S

D 
10.13±9.97 8.07±9.75 6.28±9.61 

12.70±16.

38 
5.61±10.08 8.45±9.69 

15.58±26.8

5 

10.03±12.2

6 

15.90±18.3

5 
2.47±4.03 2.84±3.89 5.26±7.34 

 Median 8.44 3.54 1.77 4.99 13.16 4.19 5.77 3.94 6.26 0.55 0.90 1.24 

 Max 36.66 36.46 36.66 49.58 65.94 38.40 111.96 38.07 56.73 10.57 11.96 21.34 

ΣAryl-OPEsb 
Mean±S

D 
0.7±2.26 0.69±2.01 0.10±0.11 0.31±0.64 0.27±0.76 0.82±1.43 0.27±0.62 0.50±0.52 2.10±2.32 0.10±0.09 0.35±0.59 0.32±0.74 

 Median 0.08 0.08 0.08 0.08 0.08 0.07 0.06 0.39 0.67 0.06 0.06 0.06 



 

 Max 11.49 9.81 0.52 3.04 4.23 6.86 2.33 1.62 6.37 0.28 2.27 3.11 

ΣHalo-OPEsc 
Mean±S

D 
12.75±8.95 

11.04±13.2

1 
14.12±30.24 8.55±9.08 

10.89±13.4

7 
8.13±7.76 7.86±5.68 7.93±6.24 6.83±5.26 8.94±7.91 8.71±6.51 8.19±7.92 

 Median 9.37 9.48 7.81 7.49 7.55 7.71 8.40 8.99 7.74 8.12 9.46 7.68 

 Max 40.49 71.45 164.73 44.36 56.05 40.44 16.96 16.82 17.12 22.68 26.48 29.29 

Σ16OPEsd 
Mean±S

D 

23.57±16.7

5 

19.80±19.9

1 
20.51±36.46 

21.56±20.

11 

16.77±15.7

1 

17.39±14.6

3 

23.83±28.8

1 

16.96±15.7

2 

23.38±23.8

1 

11.48±7.8

1 

11.90±5.4

8 

13.77±8.6

3 

 Median 18.33 12.75 10.67 12.12 11.15 12.09 13.72 15.27 14.74 11.31 11.39 10.63 

 Max 77.23 102.73 196.51 73.55 58.41 64.24 123.75 55.10 76.52 25.15 28.88 31.07 

Note: All datas are measured in wet weight; DF:Detection frequency; SD:Stangard Deviation; a:sum of TCEP,TDCIPP,TCIPP,V6 and TDBPP; b:sum of TPHP,EHDPP and 

TMPP; c:sum of TIBP,TNBP,TIPP,TNPP,TBOEP,TMP,TEP and TEHP; d:sum of all OPEs.  

 

表 2 成人通过 12 类食品消费估算的 OPEs 的危险熵（HQ） 

Table 2 Hazard quotient of OPEs by adults visa 12 food groups consumption 

Foods Statistic TMP TEP TiBP TnBP TCEP TPHP TCiPP EHDPP TBOEP TDCiPP TEHP 

Cereals Mean 2.17×10-3 5.03×10-5 3.36×10-6 1.66×10-4 7.12×10-4 4.87×10-5 6.78×10-3 2.14×10-3 5.05×10-5 7.24×10-4 2.95×10-6 

 P95 9.61×10-3 1.10×10-4 1.47×10-5 4.97×10-4 2.19×10-3 3.50×10-4 1.98×10-2 4.89×10-3 4.24×10-5 1.88×10-3 2.95×10-6 

Legumes Mean 2.22×10-4 9.75×10-6 4.83×10-7 1.77×10-5 1.10×10-5 4.88×10-7 9.22×10-4 1.04×10-3 3.26×10-7 7.12×10-5 5.88×10-7 

 P95 1.12×10-3 1.53×10-5 1.86×10-6 7.60×10-5 1.05×10-5 4.88×10-7 2.40×10-3 6.58×10-3 3.26×10-7 2.06×10-4 4.19×10-7 

Potatos Mean 1.32×10-4 3.79×10-6 5.18×10-7 1.53×10-5 1.36×10-4 4.58×10-7 1.08×10-3 8.10×10-5 3.06×10-7 5.25×10-5 3.93×10-7 

 P95 6.73×10-4 1.25×10-5 2.26×10-6 5.53×10-5 7.65×10-5 4.58×10-7 2.63×10-3 3.76×10-4 3.06×10-7 1.36×10-4 3.93×10-7 

Vegetables Mean 4.96×10-4 4.17×10-5 4.04×10-6 3.07×10-4 1.54×10-4 1.84×10-5 4.19×10-3 1.19×10-3 3.37×10-6 6.73×10-4 2.74×10-6 

 P95 2.18×10-3 1.46×10-4 1.57×10-5 1.26×10-3 4.65×10-4 1.37×10-4 1.33×10-2 8.20×10-3 2.26×10-6 3.25×10-3 2.90×10-6 

Fruits Mean 1.81×10-5 2.17×10-6 3.45×10-7 1.02×10-5 1.11×10-5 1.76×10-6 4.46×10-4 2.22×10-5 3.75×10-7 6.20×10-5 2.16×10-7 

 P95 5.65×10-5 7.81×10-6 1.59×10-6 5.49×10-5 5.72×10-6 3.54×10-6 1.48×10-3 2.22×10-5 1.78×10-7 2.75×10-4 2.29×10-7 



 

 

表 3  湖北居民每日通过膳食摄入 OPEs 的水平（EDI）与危险指数（HI） 

Table 3  Daily intake level of OPEs by residents in Hubei Province through their diet（EDI）and hazard index （HI） 

Meats Mean 3.24×10-4 7.16×10-6 2.35×10-7 2.11×10-5 2.57×10-5 3.65×10-6 7.44×10-4 1.08×10-3 6.02×10-6 5.29×10-5 4.78×10-7 

 P95 1.29×10-3 1.84×10-5 5.58×10-7 8.78×10-5 5.39×10-5 6.38×10-7 1.92×10-3 5.85×10-3 3.72×10-7 2.04×10-4 4.78×10-7 

Dairy products Mean 8.32×10-6 1.27×10-6 8.18×10-8 2.28×10-6 6.04×10-7 1.80×10-7 2.92×10-5 1.74×10-6 1.74×10-8 3.89×10-6 2.13×10-7 

 P95 2.52×10-4 4.39×10-6 2.83×10-7 7.97×10-6 1.19×10-6 1.21×10-6 7.20×10-5 1.74×10-6 1.74×10-8 9.25×10-6 2.53×10-7 

Eggs Mean 3.26×10-5 2.00×10-6 2.05×10-6 1.83×10-5 2.31×10-6 1.93×10-7 3.68×10-4 4.15×10-4 1.80×10-7 2.85×10-5 7.71×10-8 

 P95 9.34×10-5 6.36×10-6 1.10×10-5 6.65×10-5 2.31×10-6 1.93×10-7 8.42×10-3 1.30×10-3 1.80×10-7 9.37×10-5 7.71×10-8 

Aquatic foods Mean 3.72×10-4 4.54×10-6 9.94×10-8 4.17×10-5 9.62×10-6 4.81×10-7 4.88×10-4 2.70×10-3 3.21×10-7 6.31×10-5 2.75×10-7 

 P95 1.53×10-3 1.13×10-5 1.87×10-7 1.56×10-4 9.62×10-6 4.81×10-7 1.35×10-3 1.01×10-2 3.21×10-7 1.63×10-4 2.75×10-7 

Sugar Mean 6.99×10-8 2.13×10-8 1.66×10-9 3.90×10-8 3.10×10-8 6.40×10-9 3.59×10-6 2.06×10-7 2.06×10-9 9.17×10-7 3.01×10-8 

 P95 1.94×10-7 6.59×10-8 6.39×10-9 1.73×10-7 3.10×10-8 1.80×10-8 7.04×10-6 2.06×10-7 2.06×10-9 2.59×10-6 3.01×10-8 

Beverages and waters Mean 1.29×10-4 1.28×10-5 2.55×10-6 3.31×10-5 7.68×10-5 2.10×10-5 2.97×10-3 1.51×10-4 2.35×10-6 3.01×10-4 2.20×10-5 

 P95 6.39×10-4 4.14×10-5 1.28×10-5 1.67×10-4 2.26×10-5 1.09×10-4 6.17×10-3 1.51×10-4 1.51×10-6 9.60×10-4 2.20×10-5 

Alcohol 

beverages 
Mean 1.66×10-5 1.65×10-6 2.88×10-7 3.95×10-6 3.19×10-6 5.47×10-7 1.99×10-4 9.95×10-5 1.05×10-7 2.59×10-5 2.09×10-6 

 P95 9.29×10-5 4.84×10-6 1.59×10-6 1.55×10-5 8.90×10-6 2.98×10-6 5.90×10-4 2.51×10-4 1.05×10-7 9.83×10-5 3.03×10-5 

Foods Statistic TMP TEP TiPP TnPP TiBP TnBP TCEP TPHP TCiPP EHDPP TMPP TBOEP TDCiPP TEHP V6 TDBPP Σ16OPEs 

Cereals Mean 21.70 6.29 0.37 0.38 0.34 39.87 4.98 3.41 67.81 1.28 0.10 0.76 14.48 0.10 0.32 0.28 161.77 

 P95 96.14 13.76 0.58 0.38 1.47 119.24 15.34 24.49 197.80 2.93 0.10 0.64 37.68 0.10 1.32 0.28 510.54 

Legumes Mean 2.22 1.22 0.05 0.05 0.05 4.26 0.08 0.03 9.22 0.62 0.02 0.00 1.42 0.02 0.02 0.04 19.26 

 P95 11.21 1.92 0.22 0.05 0.19 18.25 0.07 0.03 24.02 3.95 0.05 0.00 4.11 0.01 0.02 0.04 64.09 



 

Potatos Mean 1.32 0.47 0.16 0.05 0.05 3.68 0.95 0.03 10.83 0.05 0.01 0.00 1.05 0.01 0.02 0.10 18.67 

 P95 6.73 1.56 0.15 0.05 0.23 13.28 0.54 0.03 26.29 0.23 0.01 0.00 2.72 0.01 0.02 0.58 51.82 

Vegetables Mean 4.96 5.21 1.07 0.51 0.40 73.63 1.08 1.29 41.90 0.71 0.10 0.05 13.46 0.10 0.14 1.29 144.37 

 P95 21.82 18.23 4.41 0.37 1.57 302.05 3.26 9.62 132.52 4.92 0.10 0.03 65.02 0.10 0.14 7.44 563.92 

Fruits Mean 0.18 0.27 0.03 0.03 0.03 2.44 0.08 0.12 4.46 0.01 0.01 0.01 1.24 0.01 0.01 0.02 8.91 

 P95 0.56 0.98 0.02 0.03 0.16 13.19 0.04 0.25 14.78 0.01 0.01 0.00 5.49 0.01 0.01 0.02 35.52 

Meats Mean 3.24 0.89 0.02 0.08 0.02 5.06 0.18 0.26 7.44 0.65 0.01 0.09 1.18 0.02 0.02 0.26 19.13 

 P95 12.91 2.30 0.05 0.08 0.06 21.08 0.38 0.04 19.15 3.51 0.01 0.01 4.09 0.02 0.02 1.33 63.66 

Dairy products Mean 0.08 0.16 0.00 0.01 0.01 0.55 0.00 0.01 0.29 0.00 0.00 0.00 0.08 0.01 0.00 0.04 1.20 

 P95 0.25 0.55 0.01 0.01 0.03 1.91 0.01 0.08 0.72 0.00 0.00 0.00 0.19 0.01 0.00 0.11 3.76 

Eggs Mean 0.33 0.25 0.01 0.13 0.21 4.40 0.02 0.01 3.68 0.25 0.01 0.00 0.57 0.00 0.01 0.00 9.87 

 P95 0.93 0.79 0.02 0.13 1.10 15.96 0.02 0.01 8.42 0.78 0.01 0.00 1.87 0.00 0.01 0.00 30.06 

Aquatic foods Mean 3.72 0.57 0.03 0.07 0.01 10.02 0.07 0.03 4.88 1.62 0.03 0.00 1.26 0.01 0.01 0.15 22.32 

 P95 15.32 1.41 0.12 0.07 0.02 37.37 0.07  0.03  13.51  6.03  0.03  0.00  3.26  0.01  0.01  0.24  77.26  

Sugar Mean 0.00 0.00 0.00 0.00 0.00 0.01 0.00  0.00  0.04  0.00  0.00  0.00  0.02  0.00  0.00  0.00  0.07  

 P95 0.00 0.01 0.00 0.00 0.00 0.04 0.00  0.00  0.07  0.00  0.00  0.00  0.05  0.00  0.00  0.00  0.18  

Beverages and waters Mean 1.29 1.60 0.05 0.90 0.26 7.94 0.54  1.47  29.70  0.09  0.02  0.04  6.03  0.77  0.07  0.59  49.92  

 P95 6.39 5.18 0.05 0.90 1.28 40.03 0.16  7.64  61.74  0.09  0.02  0.02  19.19  0.77  0.07  0.59  142.69  

Alcohol beverages Mean 0.17 0.21 0.16 0.07 0.03 0.95 0.02  0.04  1.99  0.06  0.00  0.00  0.52  0.07  0.00  0.04  4.22  



 

Note: Unit of the EDI value is (ng/(kg·d)bw); a: data from USEPA(2020); b: data from USEPA(2017); c: Li et al.,2025.[1]; d: Ali et al., 2012.[2]; na: no reference dose was found. 
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 P95 0.93 0.60 0.88 0.08 0.16 3.71 0.06  0.21  5.90  0.15  0.00  0.00  1.97  0.11  0.00  0.04  14.66  

RfD 

(ng/kg bw/day) 

 10000b 125000a na na 100000c 240000a 7000a 70000d 10000a 600b na 15000a 20000a 35000a - -  

HI 

(ng/kg bw/day) 

Mean 3.9×10-3 1.4×10-4 - - 1.4×10-5 6.4×10-4 1.1×10-3 9.6×10-5 1.8×10-2 8.9×10-3 - 6.4×10-5 2.1×10-3 3.2×10-5 - - 0.04 

 P95 1.8×10-2 3.8×10-4 - - 6.2×10-5 2.4×10-3 2.9×10-3 6.1×10-4 5.1×10-2 3.8×10-2 - 4.8×10-5 7.3×10-3 3.3×10-5 - - 0.12 


