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Total diet study is a dietary exposure assessment technique strongly recommended in the WHO
Human Health Risk Assessment Toolkit. Because of its economy and efficiency, this technique has
been successfully conducted in developed countries including the United States, Canada, U.K.,
Australia, New Zealand, and France, and findings in connection with this technique have been
collected and published. In 2009, China enacted its Food Safety Law, which made food safety
risk assessment a basic component of the country’s food safety work. Performing a total diet study
for China, which functions as the most important dietary exposure assessment technique, is a
critical part of exposure assessment. China first total diet study started in 1990, led by Chen Junshi,
Academician, Chinese Academy of Engineering, and its results were published in the Journal of
AOAC International and won international recognition. Through 20 years of empirical exploration and
accumulation, China has developed a feasible total diet research methodology with the characteristics
of Chinese culinary culture and become a role model for developing countries in independently
undertaking total diet research. China has conducted five total diet studies ( 1990, 1992, 2000,
2007, and 2009~2013 ) . Fourth China total diet study has been founded by the academic publication
fund from Ministry of Science and Technology of the People’s Republic of China, as one of the
“National 12th Five-Year key book™ collection. In order to systematically release the data of China
total diet, the fifth China total diet study will be continuously published in monograph.

This book presents a comprehensive summary of the fifth China total diet study ( 2009~2013 ),
updating China food consumption data, food processing factors, organic pollutant levels, and
exposure data. It offers a full review and assessment of the pollution of China main foods in terms
of trace elements, heavy metals and their forms, pesticide residues, veterinary drug residues,
persistent organic pollutants and other emerging pollutants, and presents comprehensive evaluation
of dietary exposure of Chinese residents to various chemical pollutants on the basis of food
consumption data. Featuring a unique structure, this book unfolds around the main steps and key
techniques of food safety risk assessment and combines theory and practice, providing detailed
explanations to and commentaries on the exposure data obtained from food samples. This work is
supported by joint grants from the National key R&D Program of China-Charactering Exposome

of Food contamination and Chinese Total Diet Study ( 2017YFC1600500 ), the National Natural



Science Foundation of China Emerging Halogenated Pollutants : Toxicological Mechanism of Action
Linkage to Environmental Exposome and Health Effect ( 21537001 ), and National Program on Key
Basic Research Project ( 973 Program ) -Risk Assessment and Safety Evaluation of Hazard Formed
during Food Processing ( 2012CB720804 ) . It is hoped that this book will prove valuable in both
theoretical guidance and practice for performing systematical dietary exposure assessment in China.
China food consumption data and exposure assessment data about heavy metals, element
speciation, and acrylamide, collected from total diet studies with Chinese characteristics and in
line with international dietary exposure assessment practices, have become an important basis
for international food safety limit standard formulation and exposure assessment. It is hoped that
the publication of this book will promote and standardize the development of total diet research
methodology-based exposure assessment techniques in China and initiate the regular publication of

China dietary exposure assessment data, thereby contributing to China food safety.

Wu Yongning
October 1, 2017
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(DftFELL, pecentage of energy

Summary

Total diet study (TDS) is considered as a most efficient
and effective method to evaluate the dietary intakes of
certain chemical substances (e.g. contaminates and nutrients)
through the ready to eat diet including water for a group of
populations. Total diet studies are designed to measure the
average amount of each chemical ingested by different age/
sex groups living in a country. These data are necessary
to assess whether or not specific chemicals pose a risk to
health. In fact, total diet studies can be used as a priority-
setting tool to enable risk managers to focus their limited
resources on those chemicals, both contaminants and
nutrients, that pose the greatest risks to public health. This
book aims to release the results of 5" China total diet Study.

The main description of methods and results of 5"
China total diet study were as following :

1. The Establishment of Total Diet Study Procedures

In the first part of the study, the detailed procedures were
explained including the principle of selecting the investigated
place, dietary survey method, the aggregation of the food
samples, the preparation and the transformation of the diet samples.

2. The Food Consumption Data

Based on the food consumption survey, this
book released the average food consumption of China
residents, the food consumption of different sex/age
groups and average food consumption of 20 provinces.

3. The Dietary Intakes of Fatty Acids of 5" China
TDS

The dietary intakes of all kinds of fatty acids were : total
fatty acid 71.88 g/d, equivalent to 646.96 kcal/d (29.79%

(EEl 1 |



i R 19.24 g/d, #H 4 F 173.13 keal/d
(7.97% E ); B AMFIREHTER 27.02 g/d,
A8 24 F 24321 keal/d (11.20% E); £
AR 25.41 g/d. HH24TF 228.68
keal/d (10.53% E); w-6 I5 Il & 21.98
g/d, #1324 F 197.81 keal/d (9.11% E ) ;
w-3 J§ Wi R 3.42 g/d, #H 24 T 30.85
keal/d (1.42% E ); [e=XUigHi2 0.57 g/d,
HH24F 5.11 keal/d (0.24% E ). FE &
[ BRI A R B 1 R Y S R Dy A 6
MU e 1R FNNE D R B = 2R IR N
P, BREMARKRZ; FAMA
NEWTRR I 3= SR U5 R RIS £
AFIRR TR B FEORIF NSRS, A
K. AEMERKRZ; AR E
BORIE N B EMAE, HREML
KHEMZHUSARROENR, K
FEFREK B f S R i =
FHH

4. FERPESERWRTENE
REANETMH

(1) BFTE

REERESERTEBARS
A 445302 mg/d, £ 2384 mg/d, 45
492 mg/d, £ 345 mg/d, B 1190 mg/d.
5 69mg/d. #25.6mgd. F£11.9mg/d.
# 0.33 mg/d, #d 1.9 mg/d, i 156 pg/d
A5 232 pg/d.

(2) BYITE

REERESRE, AFTEHE
SRS REES N #5351 pgd.
327 pg/d, BR4.5pgid, HHESK 0.6
ng/d, S 118 pg/d. JoHLEH 27.7 ng/d.
B 13.4 mg/d, FREER 10 MR /4
W% 2H 1) 4 R BR 1 ON 20.2~39.7 ng/d; R
RIEEN 109226 pg/d, TSR
R BRI 2R R /K P X N R R T 27
B K 8~12 B /AL,

FRRPELERTHS |

E) ; saturated fatty acids 19.24 g/d, equivalent to 173.13
keal/d (7.97% E) ; monounsaturated fatty acids 27.02 g/d,
equivalent to 243.21 kcal/d (11.20% E) ; polyunsaturated
fatty acids 25.41 g/d, equivalent to 228.68 kcal/d (10.53%
E); -6 fatty acid 21.98 g/d, equivalent to 197.81 kcal/d
(9.11% E) ; w-3 fatty acids 3.42 g/d, equivalent to 30.85
kcal/d (1.42% E) ; trans-fatty acids 0.57 g/d, equivalent to
5.11 keal/d (0.24% E). The major foods contributing to dietary
total fatty acid were meats and vegetables; the major
foods contributing to dietary saturated fatty acids were
meats, and followed by vegetables and cereals; the
major foods contributing to dietary monounsaturated
fatty acids were meats and vegetables; the major foods
contributing to dietary polyunsaturated fatty acids were
vegetables, and followed by meats, cereals, and
legumes ; the major foods contributing to dietary trans-
fatty acids were vegetables and meats. The high level
of fatty acids in vegetables and cereals being mainly

attributable to the cooking oil they were cooked with.

4. The Dietary Intakes of Micro and Trace Elements
of 5" China TDS

(1) Nutrient Elements

The dietary intakes of nutrient elements were:
sodium 5302 mg/d, potassium 2384 mg/d, calcium 492
mg/d, magnesium 345 mg/d, phosphorus 1190 mg/d,
manganese 6.9 mg/d, iron 25.6 mg/d, zinc 11.9 mg/d,
chromium 0.33 mg/d, copper 1.9 mg/d, selenium 156
ug/d, and molybdenum 232 pg/d.

(2) Heavy Metals and Harmful Elements

The dietary exposure of heavy elements and
harmful elements were: lead 35.1 pg/d, cadmium 32.7
pg/d, total mercury 4.5 pg/d, methylmercury 0.6 pg/d,
total arsenic 118 pg/d, inorganic arsenic 27.7 pg/d,
aluminum 13.4 mg/d. The dietary intakes of lead and
cadmium of different sex/age groups are 20.2~39.7 ng/d
and 10.9~22.6 ng/d respectively. More attention of lead
and cadmium should be paid on the 2~7 years old and
8~12 years old children and adolescents.



5. FRRHPESERMARAKE
HERBAETMS

(1) APLELKLZ

KEEREEAVLALZ (OCP)
AHS AN Wi E (DDT) 0.021
ug/(kg bw ™ - d)[ 4 H E 4 H Al i 52 5%
At (PTDI) 4 0.2%]. = %8 % i i
0.014 pg/(kg bw - d) [ L8 H RIFEA
i (ADI) 8 0.7%]. 75 7~ 75 (HCH)
0.008 pg/(kg bw -d) ( [ PTDI (1] 0.8% ).
i 7} 0.030 pg/(kg bw - d) (5 PTDI
1 0.5% ), 75 F 4 (HCB) 0.001 pg/
(kg bw + d) ( (5§ PTDI (] 0.5% ). ¥ [&
) 1 3k EE 71 0.007 pg/kg bw « d) ( 4
PTDI ¥ 6.8% ). 577k [X.7] 0.010 pg/(kg
bw - d) ( (5f PTDI ) 0.5% ). S} 0.001
ng/(kg bw + d) (5 PTDI 9 0.3% ), Lt
50.006 pg/(kg bw +d) ( 5 PTDIf 6.4% ).
K, W, FLE, BHE 9K A
K, EERMBEEAEE AL AR5
AYIH 5K

(2) IRk g RER A2

e JE RN A EE KAk 2y (PY)
G RFE 5. RS 0041 pg/
(kg bw - d) ( /5 ADI 9 0.2% ), A%fE
0.028 pg/(kg bw -d) ( /i ADI #J 0.06% ).
AR 0.017 pg/(kg bw - d), FHER
0.04% ). & 450 0.003 pg/(kg bw - d)
(5 ADI Y 0.01% ), P45 AR 0.003 pg/
(kgbw + d). FUHEE 0.002 pg/(kg bw - d)
(5 ADIf0.01% ). M5 0.002 pg/(kg
bw - d). B2 4 i 0.002 pg/(kg bw -+ d)
( i ADI A9 0.02% ). HRINZETE 0.0005 pg/
(kg bw - d). 784K 0.000 03 pg/(kg
bw - d) (/i ADI 9 0.0003% ).

D bw #n4 3, bw means weight

5. The Dietary Intakes of Pesticide Residues of
5" China TDS

(1) Organochlorine Pesticides

The dietary intakes of organochlorine pesticides
(OCPs)[percent of provisional tolerable daily in take
(PTDI) or acceptable daily intake (ADI)] were: DDT
0.021 pg/(kg bw -d) (0.2% of PTDI). dicofol 0.014 pg/
(kg bw - d) (0.7% of ADI), HCHs 0.008 pg/(kg
bw - d) (0.8% of PTDI), endosulfan 0.030 pg/(kg
bw - d) (0.5% of PTDI), HCB 0.001 ug/(kg bw - d)
(0.5% of PTDI), aldrin and dieldrin 0.007 pg/(kg bw - d)
(6.8% of PTDI), endrin 0.010 pg/(kg bw - d) (0.5%
of PTDI), chlordane 0.001 pg/(kg bw -+ d) (0.3%
of PTDI), heptachlor 0.006 ng/(kg bw * d) (6.4%
of PTDI). The foods contributing to dietary OCPs
were aquatic foods, meats, dairy products, eggs,
legumes, cereals, potatoes, and vegetables.

(2) Pyrethroid Pesticides

The dietary exposure of pyrethroid pesticides (PYs)
(%ADI) were: cypermethrin 0.041 pg/(kg bw -« d)
(0.2%), permethrin 0.028 pg/(kg bw * d) (0.06%),
bifenthrin 0.017 pg/(kg bw - d), cyhalothrin 0.008
ng/(kg bw - d) (0.04%), fenpropathrin 0.003 pg/
(kg bw - d) (0.01%), allethrin 0.003 pg/(kg bw - d),
fenvalerate 0.002 pg/(kg bw - d) (0.01%), tetramethrin
0.002 pg/(kg bw - d), bifenthrin 0.002 pg/(kg
bw + d) (0.02%), prallethrin 0.0005 pg/(kg bw - d),
deltamethrin 0.000 03 ng/(kg bw * d) (0.0003%).

(R 3 0 3




(3) A8

REERAYBERZ AR
R W 0000 24 pg/kg bw - d) (5 ADI
i) 0005% ), & St B8 00004 pglke bw - d)
( i ADI 9 0.004% ), /A % B 0.003 ug/
(kg bw - d) ( i ADI ] 04% ). 7KRcHif
0.0006 pg/(kg bw - d) (i ADI ] 0.02% ).
1% B B 0.004 pg/kg bw - d) ( (5 ADI £
0.06% ). PR 0.0002 pg/tkgbw - d) ( /5
ADI ] 04% ). H LK@ 0.0004 pg/(kg
bw - d) ( f ADIf9 0.1% ). fERA HLuk
A< 25 ) IR B AR AR R A 2R RK =2

(4) =My

REER =BERL KRN
e A E N 1077 pgd, & ADI
0.29%. [ £ K W JHe () & 40 >k IR R i
L (625%), HA (13.4%), W%
(112%), H3, 5%, K=3, B
2 KRR SRR 12.9%.

6. FRPESERFREAKE
RIER RN BT
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(3) Organophosphorus Pesticides

The dietary intakes of organophosphorus pesticides
(%ADI) were: dichlorovos 0.000 24 pg/(kg bw - d)
(0.005%), dichlorpyrifos 0.0004 pg/(kg bw - d)
(0.004%), monocrotophos 0.003 ng/(kg bw + d)
(0.4%), isocarbofos 0.0006 pg/(kg bw + d) (0.02%),
fenthion 0.004 pg/(kg bw « d) (0.06%), demeton
0.0002 pg/(kg bw - d) (0.4%), demeton-S-methyl
0.0004 pg/(kg bw * d) (0.1%). The food sources of
organophosphorus pesticides identified in the 5"
China TDS were meats and aquatic products.

(4) Triazine Pesticides

The dietary intakes of cyromazine of Chinese
residents were 10.77 pg/d (0.29% of ADI). The main
food sources of dietary cyromazine was vegetables
(62.5%), eggs (13.4%), meets (11.2%), and the other
12.9% come from potatoes, legumes, aquatic products,
sugar, and fruits.

6. The Dietary Intakes of Veterinary Drugs of the
5" China TDS

The average dietary intakes of veterinary drugs
for the Chinese residents were: clenbuterol 0.0043
png/d (1.72% of ADI), oxytetracycline 0.0026ug/d
(0.0001% of ADI), chlortetracycline 0.0057 pg/d
(0.0003% of ADI), oflaxacin 0.66 pg/d, enrofloxacin
0.75 pg/d (0.60% of ADI), ciprofloxacin 0.39ug/d,
norfloxacin 0.016pg/d, sulfamethoxazloe 0.015 pg/d,
sulfadiazine 0.0019 pg/d, sulfadimidine 0.0024 pg/d
(0.0008% of ADI), sulfamonomethoxine 0.031 pg/d,
metronidazole 1.11pg/d, ehloramphenicol 0.0005 pg/d.
The main food sources of clenbuterol, oflaxacin,
norfloxacin, sulfamethoxazole, sulfadimidine, and
sulfamonomethoxine were meats ( > 60%), as well as
the main sources of oxytetracycline, ciprofloxacin
and chloramphenicol were dairy products ( > 60%).

Metronidazole was mainly from eggs (87.7%).
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7. The Dietary Intakes of Contaminants from
Food Processing of 5" China TDS

(1) Chloropropanols

The dietary exposure of 3-chloro-1, 2-propanediol
(3-MCPD) of Chinese residents stood at 0.25 ug/
(kg bw -+ d), accounting for 12.5% of the provisional
maximum tolerable daily intake (PMTDI). The main
dietary sources of 3-MCPD intake identified are
vegetables (43.5%), cereals (26.4%), potatoes (11.9%),
meats (5.2%), aquatic products (2.3%), accounting for
93.6% of the total intake.

(2) Chloropropanols Fatty Acid Esters

The dietary exposure of 3-MCPD esters of Chinese
residents stood at 1.32 pg/(kg bw + d), accounting
for 66.0% of the PMTDI of 3-MCPD. The main
dietary sources of 3-MCPD esters intake identified are
vegetables (58.8%), meats (15.1%), potatoes (6.9%),
cereals (6.5%), and eggs (5.6%), accounting for 92.9%
of the total intake.

(3) Phthalic Acid Esters

The average dietary intakes of phthalic acid
esters (PAEs) for Chinese residents were dimethyl
phthalate (DMP) 125.19 ng/d, DIBP 233.88 pg/d,
di-butylphalate (DBP) 376.06 pg/d (59.69% of TDI),
di (2-ethylhexyl) phthalate (DEHP) 391.08 pg/d
(12.42% of TDI), and butyl benzyl phthalate (BBP)
66.24 pg/d (0.21% of TDI). The main food sources
of DMP, in the 5" China TDS were cereals, meats,
vegetables, and beverages and water, contributing
50.4%, 16.3%, 13.1%, and 10.6%, respectively.
DIBP was mainly from cereals, vegetables,
meats, and beverages and water, contributing
44.5%, 23.9%, 11.7% and 10.6%, respectively.
Cereals, vegetables, beverages and water, and
meats contributed significantly to dietary exposure
to DBP, contributing 46.9%, 26.8%, 9.1%, and
8.9%, respectively. Cereals, vegetables, legumes
and potatoes contributed significantly to dietary
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exposure to DEHP, contributing 53.9%, 19.3%,
9.1%, and 8.4%, respectively. While, BBP was
mainly from cereals, vegetables, and beverages and
water, contributing 52.0%, 18.1%, and 12.9%,
respectively.

8. The Dietary Intakes of Persistent Organic
Pollutants of 5" China TDS

The average monthly dioxin-like compounds
intake of Chinese residents (male adults) was 15.3 pg
TEQ/kg bw that was 21.9% of provisional tolerable
monthly intake (PTMI). Aquatic foods and meats were
the primary dietary sources of dioxin-like compounds,
accounting for 42.0% and 37.9%, respectively. The
average daily marker polychlorinated biphenyls
(PCBs) intake of Chinese residents (male adults) was
0.65 ng/kg bw. Aquatic foods and vegetables were the
primary dietary sources, accounting for 48.2% and
17.2%, respectively. The average daily polybrominated
diphehyl ethers (PBDESs) intake of Chinese residents
(male adults) was 0.62 ng/kg bw. Aquatic foods
and meats were the primary dietary sources,
accounting for 23.1% and 22.5%. The average daily
hexabromocyclododecanes (HBCDs) intake of Chinese
residents (male adults) was 1476.2 pg/kg bw. Meats
were the primary sources, accounting for 75.2%.

9. The Dietary Intakes of Mycotoxins of 5"
China TDS.

The dietary exposure of major mycotoxins were :
aflatoxin BG (AFBG) 9.53 ng/(kg bw -« d), T-2 and
HT-2 0.052 pg/(kg bw - d), the sum of deoxynivalenol
(DON), 3-acetyl-deoxynivalenol (3-Ac-DON), and
15-acetyl-deoxynivalenol (15-Ac-DON) 0.434 pg/
(kg bw + d), nivalenol (NIV) 0.043 pg/(kg bw - d),
ochratoxin A (OTA) 0.577 ng/(kg bw * d), zearalenone
(ZON) 21.7 ng/(kg bw * d), fumonisins 0.055 pg/(kg
bw - d), and patulin 2.58 ng/(kg bw * d). The dietary
intakes of NIV, OTA, fumonisins, and patulin were all



