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A B S T R A C T

Short-chain chlorinated paraffins (SCCPs) were listed in the Stockholm Convention in 2017 yet are still used in
large-tonnage in China. Diet is the main external exposure pathway of many persistent organic pollutants
(POPs), but SCCP diet exposure has not been studied completely thus far. In this study, samples of 122 raw foods
were collected from markets in Beijing, cooked with Chinese traditional cooking methods, and analyzed for
SCCPs. Overall, SCCP levels in the raw food materials ranged from0.67 to 5100 ng g−1 wet weight (ww). SCCP
elimination was found in six out of seven kinds in the cooking case study. Concentrations in the raw food used for
cooking ranged from 3.6 to 52 ng g−1ww, while the corresponding values in the cooked food ranged from 0.67
to 10.8 ng g−1 ww. The SCCP elimination rate ranged from 12% to 93%. The daily average intake of SCCPs for
the general population through raw food and cooked food was assessed. The total daily SCCP intake via these
foods was 403 and 145 ng kg−1 bw d−1, which suggests that different assessing approaches may result in dif-
ferent estimated SCCP diet exposure amounts.

1. Introduction

Chlorinated paraffins (CPs) are the most complex halogenated
mixture in the environment and are classified as short-chain CPs
(SCCPs, C10–C13), medium-chain CPs (MCCPs, C14–C17), and long-chain
CPs (LCCPs,≥ C18) according to their chain length (De Boer, 2010).
CPs have been produced for several decades and used mainly in ad-
ditives in metal cutting fluids, plasticizer in polyvinyl chloride (PVC)
products, and flame retardants in rubber products (Glüge et al., 2016;
Jiang et al., 2017). At present, SCCP production worldwide is estimated
to be at least 165, 000 t/year (Glüge et al., 2016). China began to
produce CP products in the 1950s and is now the largest producer and
user worldwide (Glüge et al., 2016). SCCPs show high persistence in the
environment (De Boer, 2010; Iozza et al., 2008), bioaccumulation in
organisms (Zeng et al., 2011), long-distance transportation potential
(Tomy et al., 1999, 2000), and even possible carcinogenic effects (IARC,
1990). Considering the possible adverse effects of SCCPs on environ-
mental and human health, they were listed in the Stockholm Conven-
tion (SC) as new POPs in May 2017 (POPRC, 2006; POPRC, 2016;

UNEP, 2017).
Previously, high levels of SCCPs were found in various environ-

mental areas including waste water (Zeng et al., 2013), air (Wang et al.,
2015), soil (Yuan et al., 2010), indoor dust (Shi et al., 2017), and biota
(Sun et al., 2017). SCCPs were also found in human milk (Xia et al.,
2017), human blood (Li et al., 2017), and even in human placenta
(Wang et al., 2017; Wang et al., 2018). The widely detected SCCPs in
the environment indicate potential risks for human health through
exposure to SCCPs. Research showed that SCCPs could be detected in
raw food materials in the market (Iino et al., 2005), duplicate meals
(Harada et al., 2011), and cooking oil (Cao et al., 2015). Diet has
proven to be the main intake route for many persistent organic pollu-
tants (POPs) (Wu et al., 2008). Our previous work has showed that diet
is the predominant external exposure of SCCPs to the general popula-
tion in north China (Gao et al., 2018). Normally, most raw food ma-
terials need some cooking before being eaten. As semi-volatile chemi-
cals (S-VOCs), POPs are thermolabile. Moreover, POPs could undergo
transformation and generating during thermal processes, for instance,
dioxin-like polychlorinated biphenyls (dl-PCBs) could generate
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unintentionally during cooking (Dong et al., 2011). With similar POP
characteristics, SCCPs may also undergo similar transformation and
elimination processes during cooking. In addition, high levels of CPs
were found in fume hoods and tea towels used in European kitchens
(Gallistl et al., 2018). Therefore, investigating the transformation and
distribution behavior of SCCPs during cooking would help us to better
understand the real level of dietary exposure to SCCPs for humans.

Traditional Chinese cooking methods including frying, boiling,
steaming, etc., are all thermal processes. In this study, SCCP levels and
congener groups' distribution patterns were determined in both raw
food materials and cooked food collected from the market in Beijing,
China. Drinking water and oil used during the cooking process were
also collected and analyzed. The purposes of this study were to (1)
study the homologue distribution of SCCPs in raw and cooked food
materials; (2) investigate the possible elimination and transformation
behavior of SCCPs during cooking; and (3) evaluate the daily diet in-
take of SCCPs and possible risks based on the raw food materials and
cooking case study. To our knowledge, this is the first study to examine
SCCP elimination and transformation mechanisms during Chinese tra-
ditional cooking.

2. Materials and methods

2.1. Reagents

Pesticide analysis-grade and HPLC-grade solvents (di-
chloromethane, n-hexane, and cyclohexane) were purchased from J.T.
Baker (Phillipsburg, NJ, USA). SCCP mixtures (C10–C13, 51%, 55.5%,
and 63% chlorination) and ε-hexachlorocyclohexane (ε-HCH, solution
in cyclohexane, 100 ng μL−1) were purchased from Ehrenstorfer GmbH
(Augsburg, Germany). 13C10–1,5,5,6,6,10-Hexachlorodecane
(100 ng μL−1 solution in cyclohexane)was purchased from Cambridge
Isotope Laboratories (Andover, MA, USA). Diatomite earth and glass
fiber membranes were purchased from Thermo Fisher Scientific
(Waltham, MA, USA). Silica gel (63–100 μm) and Florisol (60–100
mesh) were obtained from Merck (Whitehouse Station, NJ, USA). Ethyl
alcohol (95%), concentrated sulfuric acid, and anhydrous sodium sul-
fate were purchased from Sino Pharm Group Co., Ltd. (Beijing, China).

2.2. Sample collection and preparation

All of the 23 food types of raw food materials were purchased from
five supermarkets and four seafood markets from 2014 to 2016 in
Beijing, China, and the detailed information on these food samples is
provided in Table 1. To test SCCP transformation during cooking, seven
types of raw food materials were selected to simulate the effects of the
cooking process on SCCP concentrations and congener group profiles.
These food types are frequently eaten among northern China residents'
families. The raw food materials were cooked in a residential house.
The cooking patterns include boiling, frying, and stewing. Cooking time
was recorded (Table 2) to see the effects of cooking time on SCCPs in
cooked food. The oil and water used in the cooking process were also
collected and analyzed. The cooking pattern and food selected for si-
mulation cooking are provided in Table 2. Seven people participated in
this cooking case study, and all of the fresh food and cooked food were

collected according to the average food consumption amount of these
participants (information on these participants is provided in Table S1).
The food samples were wrapped in aluminum foil, sealed in zipper
bags, and then stored in a refrigerator at −20 °C until further treat-
ment. The edible part of the food samples was treated as the normal
procedure for consumption. Then, the food sampled was freeze-dried
and triturated using an agate mortar.

The SCCP extraction and purification processes were adapted from
our previous work with some modifications (Yuan et al., 2012). Briefly,
5 g of frozen dried sample was mixed with 3 g of pre-cleaned diato-
maceous earth and then spiked with 10 ng of 13C10–1,5,5,6,6,10-Hex-
achlorodecane as internal standard for accelerated solvent extraction
(ASE). The extract was first treated with 44% acid silica gel, passing
through a column filled with anhydrous sodium sulfate, and then
concentrated to approximately 1mL using rotary evaporation. The
concentrated extract was then cleaned and fractionated on a 1.5-cm
silica-Florisil composite column packed from the bottom to top with 3 g
of Florisil, 2 g of neutral silica gel, 5 g of acid silica gel (30%) and 4 g of
anhydrous sodium sulfate. The column was first conditioned with
50mL of dichloromethane and 50mL of n-hexane. The column was
then eluted with 40mL of n-hexane (the first fraction contained PCBs
and toxaphenes) and discarded, followed by 100mL of solvent (1:1 v/v
of DCM and n-hexane; the second fraction contained SCCPs). The
second purified fraction was again concentrated to approximately 1mL
applying rotary evaporation and further concentrated to near dryness
under a gentle stream of blowing nitrogen. The fraction was then re-
constituted in 100 μL of cyclohexane. Prior to GC–MS analysis, 10 ng of
ε-HCH was added as an injection standard to determine the instru-
mental response.

2.3. Instrument analysis and quantification

The quantification and qualification of SCCPs were performed on a
high-resolution gas chromatography/electron-capture negative ion low-
resolution mass spectrometer (HRGC/ECNI-LRMS) with a 7890A gas
chromatograph coupled with an Agilent 7000B Triple Quad MS. One
microliter of the final extract was injected into the DB-5MSUI (30m
length, 0.25mm i.d., 0.25 μm film thickness) capillary column using
pulsed splitless injection mode. The injector temperature was 280 °C.
High-purity helium was used as the carrier gas at a constant flow of
1.2 mL/min, and methane was used as the reagent gas. The oven tem-
perature program for the chromatographic separation was set as fol-
lows: 1-min isothermal at 100 °C, increased to 160 °C at 30 °C/min, held
for 5min, then ramped to 310 °C at 30 °C/min and finally held for
17min. The transfer line temperature and ion source temperature were
set at 280 °C and 200 °C respectively. Single-ion monitoring (SIM) mode
was used under negative chemical ionization, and the most abundant
and second most abundant isotope ions of the characteristic [M-Cl]− for
each congener group were selected as the quantification and con-
firmation ions, respectively. Retention time windows were optimized
for each monitored ion. Our targeted SCCP congener groups (C10–C13)
were those containing 5–10 chlorine atoms. The quantification of the
SCCPs was conducted by four separate injections according to the op-
timized conditions described in our previous work (Yuan et al., 2012).

Table 1
Details of food samples collected from five supermarkets and four seafood markets in Beijing.

Food category Meat Offal Fish Vegetables Fruit Seafood Others

Pork (n=6) Pork liver (n=5) Crucian carp (n=5) Lettuce (n= 5) Banana (n= 5) Oyster (n=4) Oil (n= 6)
Beef (n= 5) Chicken liver (n=5) Common carp (n= 5) Cabbage (n= 6) Apple (n= 5) Scallop (n= 4) Flour (n=5)
Mutton (n= 6) Potato (n= 6) Pear (n=5) Razor clams (n= 4) Rice (n= 6)
Chicken (n=5) Carrot (n= 5) Clam (n=4)

Tomato (n= 5) Shrimp (n= 5)
Total number 22 10 10 26 15 21 17
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2.4. Quality assurance and quality control

We carefully washed all glassware with deionized water, dried in
the oven, and then baked in a muffle furnace at 450 °C overnight.
Before use, glassware and other vessels were rinsed at least three times
with dichloromethane. The diatomaceous earth and glass fiber mem-
brane were pre-extracted using ASE 350 with DCM and n-hexane
(1:1 v/v). The column packings (neutral silica gel, anhydrous sodium
sulfate and Florisil) were all baked in a muffle furnace overnight and
pre-eluted with 50mL of dichloromethane and 50mL of n-hexane be-
fore sample loading. The reported results of each sample in this study
were the average value of three parallel tests. Each batch of 5–9 sam-
ples was followed by three laboratory blanks. The method detection
limit (MDL) is defined as three times the standard deviation of the
procedural blanks from all the batches. The MDL in this study was
2.3 ng g−1 of SCCPs. The recoveries of 13C10–1,5,5,6,6,10-
Hexachlorodecanewere in the range of 57–128% (mean: 95%).

2.5. Data analysis

All the statistical analyses were performed using SPSS version 20.0
software. One-way analysis of variance (ANOVA) was used to test sta-
tistical significance, and p < 0.05 was considered significant.
Correlation was tested by applying Spearman's rank coefficients.

2.6. Diet ingestion exposure and risk assessment

Elimination factor (EF) was introduced in this work to evaluate the
possible elimination ratios of SCCPs in cooking materials during
cooking, which was defined as the following eq.

= ×EF Cr Cc
Cr

100% (1)

where EF is the elimination factor, Cr is the SCCP concentrations in raw
food materials, and Cc is the SCCP concentrations in corresponding
cooked food.

The estimated daily intake (EDI) of SCCPs for the general population
via diet was calculated using the following equation.

= ×Estimated daily intake Ci Mi
BW (2)

where Ci is the concentration of SCCPs in a specific food type, Mi is the
mass of the recommended daily intake amount of a specific food cate-
gory and BW is the weight of a person (US EPA, 2011; Jin, 2008). The
recommended daily intake amount of each food category and body
weights for different age groups used in this study are provided in Table
S2.

=MOE NOAEL
EDI(SCCPs) (3)

In this study, margin of exposure (MOE) is used to assess the risks of
SCCPs to human health. Both the World Health Organization (WHO)
and the European Food Safety Authority (EFSA) for chemical risk as-
sessment prefer MOE. The definition of MOE is the ratio of the non-
observed-adverse-effect level (NOAEL) to its estimated amount of SCCP
human intake.

3. Results and discussion

3.1. SCCP levels in different raw foods

SCCPs were detected in all the 122 raw food materials in this study.
The total SCCP concentrations (∑SCCPs) were in the range
0.67–5100 ng g−1 wet weight (ww). Average SCCP levels in different
raw food categories were in the following decreasing order (Fig. 1):
meat (117 ng g−1 ww) > seafood (60.5 ng g−1ww) > fish
(46 ng g−1 ww) > offal (27.8 ng g−1 ww) > fruit (16.4 ng g−1

ww) > vegetables (11.7 ng g−1 ww).
Generally, animal origin food contains higher SCCPs than non-an-

imal-origin food. Meat category contain the highest level of SCCPs,
which was much higher than the SCCP meat concentrations in a
Japanese market study in 2005 (Iino et al., 2005). Seafood contained

Table 2
Details of food samples of different cooking patterns.

Food type Cooking pattern Cooking time Water ratio (%) Lipid ratio (%) Chlorination (%) SCCPs elimination efficiency (%)

Mutton Raw 63 49 64
Fried 12 64 28 63 82

Pork Raw 65 30 63
Stewed 30 56 30 63 30

Shrimp Raw 74 3.9 64
Boiled 4 71 4.3 60 85.

Potato Raw 80 0.6 63
Stewed 30 83 4.7 62 52

Cabbage Raw 90 0.1 64
Fried 8 83 16 63 5.3

Rice Raw 10 0.07 63
Steamed 20 64 0.07 62

Eggs Raw 76 30 64
Boiled 15 76 37 63 93
Fried 2 64 51 64 21

Oil 64

Fig. 1. SCCP concentrations in different raw food categories. Individual sam-
ples are shown as diamonds. The range of each box represents the 25th and
75th percentiles IQR represent Inter-Quartile Range.
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the second highest level of SCCPs, which is similar to our previous work
on the high levels of SCCPs in mollusks from Bohai Sea
(64.9–5510 ng g−1 dw) (Yuan et al., 2012). Sun and coworkers found
that the level of SCCPs in freshwater fish was in the range from 1940 to
4500 ng g−1 dw (Sun et al., 2017), which was higher than the con-
centration reported in this study. Compared to the animal foodstuff,
vegetable food including the fruit and vegetable category showed re-
latively lower concentrations of SCCPs, in the range of 7.7 ng g−1 ww
(tomato) to 18.1 ng g−1 ww (banana).

It should be mentioned that ∑SCCPs in oil varied widely, in the
range of 15.7 ng g−1 (corn blend oil) to 5100 ng g−1 (peanut oil), which
was consistent with a previous study on SCCPs in cooking oil in China.
These authors considered that wide ranges of SCCP levels in cooking oil
might be a result of the different origins of the raw seeds used to pro-
duce oil and the SCCP contaminations from oil processing and packa-
ging material. Cao and coworkers also found that SCCPs in raw seed for
producing oil were at low levels, which also suggested that SCCPs might
be introduced in cooking oil from manufacturing activities (Cao et al.,
2015). Overall, the levels of SCCPs in raw food detected in this study
were much higher than the market basket study in 2005 from Japan in
which SCCP levels were in the range of 14.0 ng g−1 to 2500 ng g−1 lipid
(Iino et al., 2005).

As shown in Fig. S1, C10 and C11 were the main carbon homologues
in all types of raw food materials, which accounted for 34% and 30% of
total SCCPs. C12 and C13 congener groups were at comparable levels,
which accounted for 18% and 17% of SCCPs, respectively. For different
chlorine homologues of SCCPs, the abundance was in the following
order: Cl7 (33%) > Cl6 (26%) > Cl8 (21%) > Cl5 (11%) > Cl9
(6.1%) > Cl10 (2.7%). It is difficult to identify the sources of SCCPs in
these foods, as this was a market study, and no information on origins
for these food materials was recorded.

3.2. The elimination of SCCPs during cooking

The transformation and elimination of SCCPs during the cooking
process were not clear until now. Therefore, conducting the cooking
case study is of great significance in revealing the real level of dietary
exposure to SCCPs for the general population. In this study, firstly, we
analyzed the SCCP levels and homologue profiles in seven daily con-
sumption food before and after cooking. The detailed cooking patterns
used in this study are provided in Table 2. As shown in Table 2, ∑SCCP
concentrations in raw food materials were in the range
3.26–52.1 ng g−1 ww, while in the corresponding cooked food, SCCP
concentrations ranged from 0.67 to 10.8 ng g−1 ww. SCCP elimination
was mainly found in fivecooked foods including potato, pork, mutton,
prawn, and chicken eggs. While in rice, SCCP concentration slightly
increased, from 3.60 ± 0.51 ng g−1ww in raw rice to
6.38 ± 0.43 ng g−1ww in cooked rice. Similarly, SCCPs in raw cab-
bage is 3.26 ± 0.27 ng g−1 ww, in fried cabbage
5.14 ± 2.21 ng g−1ww. The possible reason for this exception might
be that at such low concentration, water and cookware both may in-
troduce SCCPs to the cooked rice during the cooking process.

Elimination factor (EF) was introduced in this work to evaluate the
possible elimination ratios of SCCPs in cooking materials during
cooking, which was defined in Eq. (1). We found that foods with higher
SCCP levels might have higher SCCP EF during cooking process. For
instances, mutton contains the highest SCCP level (52.1 ng g−1 ww)
among all the foods used in the cooking case study, and the SCCP EF
was 81.6% in fried mutton. (Table 2). Cooking time may also affect
SCCP EF. In this study, chicken eggs were fried and boiled. The cooking
time for fried eggs and boiled eggs was selected as 2min and 15min
(Table 2), respectively, and the corresponding SCCP EF was 21% and
93%. One possible elimination mechanism is the lipid removal during
cooking. SCCPs in raw food could enter the oil fume and juice produced
during cooking process (Moya et al., 1998). This hypothesis was proven
by the lipid ratio drop of mutton after it was stir fried (in raw mutton

the lipid ratio was 49%, while in the fried mutton, the lipid ratio was
28%).

To investigate the homologues transformation, we compared the
differences in congener group profiles between raw food and cooked
food materials (Fig. S2). No uniform trend of fraction ascending or
fraction descending was found for a specific SCCP congener group. The
reasons for this finding might be that different cooking patterns and
different food types all add to the uncertainties for the SCCP transfor-
mation process. Further studies may focus on a specific cooking pattern
and more unified raw food material (e.g., meat) (see Fig. 2).

3.3. Estimation of dietary exposure of SCCPs and risk assessment

We estimated daily dietary SCCP exposure to the general population
with two approaches. In the first approach, estimated daily intake for
the general population in Beijing was calculated using Eq. (2) for dif-
ferent age groups based on the national nutrition data on food con-
sumption and body weight (Jin, 2008; SHFPC, 2015; Wu et al., 2018) (a
market study approach). The mean and 95th percentile of the intake
doses were used to evaluate the average and high end of exposure risks
of SCCPs for humans. The second estimation approach was based on the
average food intake amount of the seven participants in the cooking
case study (a duplicate food approach).

When using the first estimation approach, the mean EDI of SCCPs
for the general population of these investigated foods except oil, were
221 and 227 ng kg−1 d−1 for male and female adults, respectively. The
corresponding 95th percentile of the EDI in food was 747 and
725 ng d−1 kg−1 bw for male and female adults, respectively. SCCP
intake through cooking oil is provided in Table S2. As depicted in Table
S2, when taking oil with high SCCPs content into consideration, the
mean EDI of SCCPs for the general population of these investigated,
food was 1106 and 1136 ng kg−1 d−1 for male and female adults, re-
spectively. The 95th percentile of the EDI was 3544 and
3594 ng d−1 kg−1 bw for male and female adults, respectively.

When the duplicate food approach was applied, the daily SCCP
exposure amount of participants in the cooking case study was
145 ng kg−1 d−1 in cooked food. A lower SCCP estimated exposure
level was a result of SCCP elimination during the cooking process. This
estimated SCCP dietary exposure level was also much lower compared
to our previous results calculated using duplicate food purchased from
fast food outlets (Gao et al., 2018).

Eating habits are another important factor that will affect SCCP diet
intake. The SCCP levels found in this study for most of the foods were

Fig. 2. SCCP levels in raw food materials and corresponding cooked food.
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about ten times higher than those of the market basket survey carried in
Japan. However, the geometric mean exposure level of
620 ng kg−1 d−1 calculated from the Japan basket investigation was
not significantly lower than the estimated exposure level in this study.
The mismatching between SCCP food levels and SCCP diet exposure
levels may be a result of different dietary patterns between the two
countries. Japanese people tend to consume more fish and seafood
(most of the seafood is eaten uncooked such as the various sashimi in
Japanese food), in which SCCPs are at high levels. A previous human
exposure model also predicted that the consumption of fish could
contribute to a high proportion (80–100%) for SCCP intake in Nordic
countries (Krogseth et al., 2013).

Further, we compared the contribution to SCCP daily exposure
amount of different food categories and found that the contribution
ratio of different food types varied between cooked and uncooked food.
For all the food types involved in the market study (Fig. S3), meat was
the main source for human exposure to SCCPs through food ingestion,
which was 163 ng d−1 kg−1 bw, accounting for 52% of total diet ex-
posure amount. SCCP intake via fish and seafood was at a comparable
level, 39.6 ng d−1 kg−1 bw (13%) and 37.1 ng d−1 kg−1 bw (12%), re-
spectively. Plant foods contained less SCCPs, thus contributing less to
the total diet intake of SCCPs. SCCP intake via fruit, vegetables, grain
and edible oil was 31.5 ng d−1 kg−1 bw (10%), 25.3 ng d−1 kg−1 bw
(8.1%), 8.80 ng d−1 kg−1 bw (2.8%), and 8.60 (2.7%), respectively. As
shown in Fig. 3 and Fig. S3, the SCCP intake contribution of different
food categories was similar in the cooking case study. Meat was also the
predominant contributor of dietary SCCP intake in both cooked and raw
food material. However, the distribution of intake of SCCPs via different
cooked food categories was different from that of raw materials. Meat
became less dominant because of a high SCCP elimination ratio in the
cooking process, while the percentage of rice increased because of the
elevated SCCP level in cooked rice and the relatively higher con-
sumption amount (Fig. 3b). Mutton and rice showed the opposite trend
before and after the cooking process, with the uncooked mutton ac-
counting for 43% of total SCCP diet intake, while the cooked mutton
only accounted for 15% of SCCP intake.

In addition, we evaluated the SCCP exposure level for people of
different age groups and genders. The results showed that younger
people have higher EDI because they have less body weight (Fig. 4),
while females and males showed no significant differences (Fig. 4).

Toxicology tests showed the no observed adverse effect level
(NOAEL) of SCCPs to mammals is 100mg kg−1 d−1 (De Boer, 2010). In
this study, the 95th percentile of the EDI of an adult was
3594 ng kg−1 d−1; thus, the MOE value was 2.78×104, calculated
using Eq. (3). According to previous studies (Pieters et al., 1998), the
NOAEL includes three uncertainty factors (1000 in total): a factor of 10

for a study period of less than one year, a factor of 10 for interspecies
differences, and a factor of 10 for individual differences. Therefore, an
MOE value higher than 1000 indicates that the present food intake of
SCCPs poses no adverse health effects to the general population. Al-
though the MOE in this study did not reach the threshold of 1000, the
value was lower than the value (1.5×105) estimated from a market
study in 2005 in Japan (Iino et al., 2005), which implied higher risks of
current diet exposure in Beijing, China.

4. Conclusion

This study provides some indications about SCCP dietary intake and
elimination during the cooking process. When assessing exposure risks,
dietary preference should be taken into consideration since there are
big differences in SCCP levels in different food categories and in cooked
food using different cooking patterns. People who eat more fish, meat,
and shellfish might face potential risks of SCCP diet exposure.
Moreover, the ambient environment in the cooking site should be in-
vestigated, as the volatile SCCPs and pollutants generated during
cooking can be inhaled by human beings and adversely affect human
health. Lastly, the juice produced during the cooking process may be a
key to investigating the transformation of POPs during thermal
cooking.
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Fig. 3. Contribution ratio of different food categories for SCCP food intake in the cooking case study. (a) Uncooked food; (b) cooked food.

Fig. 4. SCCP total daily food intake of different genders and age groups.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.envint.2018.11.025.
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