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Abstract. An exposure assessment was performed to estimate the potential of lead dietary intake
in the Indonesian population. Dietary exposure assessment requires information on lead
concentration in food and food consumption data. The data of lead concentration in food was a
secondary data obtained through online research from several online scientific resources with
keywords "lead in food, lead contamination". Food consumption data were obtained from
Indonesian Individual Food Consumption Survey. Lead dietary intakes were estimated with a
deterministic approaches that used lead concentration in food and maximum level (ML) of lead
in food based on Indonesia Nation Agency of Drug and Food Control (INA-DFC) regulation
with the average value of food consumption. Risk characterization was conducted by comparing
dietary intakes with a Provisional Tolerable Weekly Intake (PTWI). The results have shown that
the infant group (0-59 months) had highest lead dietary intakes. Lead dietary intakes of mean
concentration of lead from references are lower than lead dietary intake of INA-DFC ML of
lead in all age groups. Risk characterization results showed that lead dietary intake of average
level data and ML are at high risk (>100% PTWI) in all age groups. Major contributors to lead
dietary intakes are fish and seafood.
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1. Introduction

Lead (Pb) is a heavy metal which commonly contaminates our environment (air, water, and soil). Lead
contaminations in environments can be caused by oil combustion, gas emission of vehicles as well as,
industrial and domestic waste. Lead was mostly used as material in packaging, water piping, household
equipment, and crafters [1]. As in the form of lead dioxide, it was used as pigment or colorants in
ceramics and cosmetics industries. Its characteristic is that it is soft in texture, easy to be formed, and
has good electrical conductivity, making it one of the most popular metals used in any electronic
industries. The result of measurement by Environmental Impact Management Agency of North Sumatra
Province in 2003 showed that the lead level of air pollution in Medan City was 3.5 ug/Nm3. That level
had exceeded the maximum standard set by the government in PP RI No. 41/1999, which is 2.0 pg/Nm?
[2]. Lead concentration on the water surrounding Jakarta was around 0.013-0.117 pg/mL on rainy
season and around 0.03-0.067 pg/mL on the dry season [3]. That concentration had exceeded maximum
standard level (0.008 pg/mL) governed by Environmental Ministry.
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Lead exposure to human occurred in two ways which are through the respiratory and digestive systems.
Lead exposure through the digestive system is caused by contaminated food and water. Accumulation
of lead in the human body can harm human’s health. WHO had identified lead as one of ten chemicals
of major public health concerns, needing action by member states to protect especially the health of
workers, children, and women of reproductive age [4]. Lead toxicity depends on the exposure route,
dosage, and growth stage of the organism [3]. Lead exposure on children can affect brain development
resulting in reduced intelligence quotient (1Q) and brain damage. Meanwhile, on adults, it can trigger
nausea, loss of appetite, anemia, sleep disorder, weaken, high blood pressure, and miscarriage [1]. Based
on the Health Ministry of Indonesia, the correlation between dietary exposure and intelligence decrease
is for every exposure of 12 pg/day will reduce one 1Q point [5]. Codex regulated Provisional Tolerable
Weekly Intake (PTWI1) as the tolerance threshold of lead exposure on human body per day was 25 pg/kg
of body weight (BW) [6].

Dietary exposure assessment is the qualitative and/or quantitative evaluation of the likely intake of a
biological, chemical and physical agent via food [7]. Dietary exposure assessment could be conducted
using deterministic or probabilistic approaches. The deterministic approach uses point values to produce
a point estimate of exposure (either high-end or typical exposure). Probabilistic approach uses more
complicated modeling that relies on distributions of data as inputs in place of point values for key
parameters. The data needed for conducting lead exposure assessment was the lead concentration in
food and food consumption data. Lead exposure assessment that was conducted by the Health Ministry
of Indonesia showed that lead intake ranges between 0.4724-1.7355 pg/kg BW/day [5]. Risk
characterization was then conducted to evaluate the risk value of lead exposure in Indonesia and to
identify the major contributor to lead dietary exposure.

The lead exposure assessment in this study was conducted using consumption data from Indonesian
Individual Food Consumption Survey (IFCS) year 2014, lead concentration data (minimum, maximum
and mean) based on online scientific literature from 2004 to 2017, and lead maximum level based on
INADFC Regulation No 23 - 2017. Based on the types of data used, lead exposure assessment was
conducted using a deterministic approach.

2. Materials and Methods

2.1. Data

This study used three types of secondary data. They are food consumption data based on Total Diet
Study Diet: Indonesian Individual Food Consumption Survey (IFCS) year 2014, lead concentration
from national and/or international scientific publications such as journals, thesis, dissertation, research
report, and proceeding during 2004-2017 also data of lead maximum level in food in Indonesia based
on INAFDC Regulation Number 23-2017. Data were analyzed using Microsoft Excel 2013.

2.2. Secondary data extraction

From IFCS report data of food consumption level for 17 food groups and six age groups, as well as
body weight data of respondents, were obtained [8]. Lead maximum levels in food in Indonesia were
extracted from INAFDC Regulation Number 23 - 2017 about the Maximum level of heavy metals in
processed food. Lead concentration data were collected and analyzed in five steps as follows:

a. Lead concentration data were collected through online research from several online scientific
resources with keywords "lead in food, lead contamination”. The data collection process was
performed using internet search engines, journal sites, and university repository. The total
collection of results was: 377 references in detail we sampled 114 scientific journals, 208
theses, and 55 other scientific references.

b. Reference selection was done using the following criteria: 1) Lead concentration was tested
using Atomic Absorption Spectrophotometer (AAS), 2) and test samples taken were from
Indonesian territory, 3) Samples were eligible for consumption and 4) As results reasonable
data were presented. Total selection results were 293 references in detail we sampled 86
scientific journals, 165 theses and 42 other scientific references.
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c. Data mapping of lead concentrations was conducted to obtain lead concentration level for all
food groups and lead concentrations in all Indonesia.

d. Lead concentration data were processed using Microsoft Excel 2013 to obtain minimum,
maximum, and mean values for all food groups. The standard deviation was calculated in order
to know the data distribution.

e. Evaluation of lead contamination levels was conducted by comparing the mean of lead
concentrations from references with INADFC maximum level of lead

2.3. Food groups matching process from lead references and Indonesian regulation with IFCS report
2014

Food group matching process was conducted by comparing food types from lead references and food

categories of INADFC regulation with 17 food groups in IFCS report 2014. If there are differences,

then the food groups would follow IFCS report 2014.

2.4. Dietary exposure assessment of lead
Lead dietary intakes were obtained by multiplying lead concentration with food consumption level as
below:

2(Food consumption level x lead concentration) 1)
Body weight

Dietary Intakes =

Lead dietary intakes are calculated in pg/kg body weight/day. The lead dietary intakes were calculated
for the minimum, maximum and means of lead concentrations from references and maximum level of
lead from INADFC regulation. The food groups which have no lead concentration and/or mean of food
consumption value of zero (0) were excluded from dietary intakes calculation.

2.5. Risk characterization of lead from food in Indonesia
Risk characterization was performed by calculating the risk values of lead intakes, 1Q decline in children
and identification of food groups that contribute to lead intakes in the following way:

a. Risk values of lead intakes were calculated by comparing lead dietary intakes with Provisional
Tolerable Weekly Intake (PTWI) of lead. The risk was stated as high or unsafe if it exceeds
100% PTWI.

b. The calculation of 1Q score decrements due to lead intakes was based on estimation in table 1.

Table 1. The estimation of lead intakes relationship with 1Q score (using bilinear and hill method [9].

No 1Q score decrement in children Lead dietary intakes (ug/day)*
1 0.5 17 (2-194)
2 1 30 (4-208)
3 15 40 (5-224)
4 2 48 (7-241)
5 2.5 55 (9-261)
6 3 63 (11-296)

Notes: *Median estimation by 5-95 percentile confidence interval in brackets

c. The contribution of food groups to dietary lead intakes was calculated in percentage and sorted
by the highest to lowest contribution. Food groups which contribute less than five percent were
grouped as other food.

3. Results and Discussion

3.1. Respondent profile

The number of respondents surveyed in the IFCS report 2014 is 145,360 [8]. The respondents were
divided into six age groups. The comparison between the body weight of Indonesian respondents in the
IFCS report 2014 and body weight of respondents from various countries (table 2) shows the mean of
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Indonesians body weight is lower than that of the Americans and Europeans in all age groups. The
difference is influenced by heredity, race, culture, and consumption pattern.

Table 2. The weight comparison of Indonesian and various countries.

Mean of body weight (kg)
No  Age groups Ind[(irg)(;sm World [11], [12] European [13] American [14]
1 Infant 11.67 6.1 (0-6 months) 6.1 (0-6 months) 4.8 (0-1 months)
(0-59 months) 8.6 (7-11 months) 8.6 (7-11 months) 5.9 (1-3 months)
11.9 (1-3 months)  11.9 (1-3 months) 7.4 (3-6 months)
19.0 (4-6 months) 9.2 (6-12 months)
11.4 (1-2yr.)
13.8 (2-3 yr.)
18.6 (3-6 yr.)
2 Children 27.50 15 28.7 (7-10yr.) 31.8 (6-11yr.)
(5-12 yr.) 44.6 (11-14 yr.)
3 Adolescence 46.33 - 60.3 (15-17 yr.) 56.8 (11-16 yr.)
(13-18 yr.)
4 Adults 57.87 60 63.3 (> 18 yr.) 71.6 (16-21 yr.)
(19-55yr.) 55 (Asia) 78.4 (21-30 yr.)
80.8 (30-40 yr.)
83.6 (40-50 yr.)
5 Elderly 52.30 - - 83.4 (50-60 yr.)
(>55 yr.) 82.6 (60-70 yr.)
76.4 (70-80 yr.)
68.5 (>80 yr.)
6 Allage 50.78 - - -

3.2. Food consumption levels

Food consumption levels in the IFCS report 2014 showed the highest mean of food consumption is
edible water (60-67%), cereals and its products (11-15%) and fish, seafood and their products (3-4%).
figure 1 showed the mean of Indonesian's consumption levels are higher than global food consumption
in cereals, peanut and fish and lower in fruit, vegetables, and meat.
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Figure 1. Comparison of major food groups consumption levels in Indonesia (Health Ministry of
Indonesia 2014) with global consumption level [15] Il Indonesian; global.

3.3. Food groups matching

There are 15 of 17 food groups on IFCS report 2014 which display available lead concentration data.
They are 1) cereals and their products, 2) tubers and their products, 3) peanuts, bean and their products,
4) vegetables and their products, 5) fruits and their products, 6) meat and their products, 7) visceras and
their products, 8) fishes, seafood and their products, 9) milks and their products, 10) oil, fat and their
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products, 11) sugars, syrups, and confectioneries, 12) spices and their products, 13) beverages, 14)
composite foods and 15) edible water [8].

3.4. Lead concentration from food in Indonesia

Lead concentration was processed from 293 references with the most references about fishes, seafood,
and their products. Lead concentration data were obtained for 27 of 34 provinces in Indonesia. Those
are Bali, Banten, Bangka Belitung Islands, Central Java, Central Kalimantan, Central Sulawesi, East
Java, East Kalimantan, Gorontalo, Jakarta, Lampung, Maluku, Nangroe Aceh Darussalam, North
Maluku, North Sulawesi, North Sumatera, Riau, Riau Islands, Southeast Sulawesi, South Kalimantan,
South Sulawesi, South Sumatera, West Java, West Kalimantan, West Sumatera and Yogyakarta. table
3 shows the highest mean of lead concentration from references in beverages, fishes, seafood and their
products. In Riyadh City, Saudi Arabia, the highest lead concentration was found in confectionaries,
beverages, and peanuts [16].

Table 3. Comparison of the mean of lead concentration from references with lead maximum level from
INADFC regulation.

Lead concentration (mg/kg)

No Food groups Minimum Maximum Mean + SD* ML**
1 Cereals and their products 0.001 0.71 0.2528+0.1879 0.25
2 Tubber and their products 0 0.4543 0.1499+0.1448 0.2
3 Peanuts, beans and their 0.0038 0.0061 0.0053+0.0013 0.2
products
4 Vegetables and their products 0 1.97 0.7525+0.6208 0.2
5 Fruits and their products 0 0.72 0.2877+0.2002 0.2
6 Meats and their products 0 1.45 0.4394+0.3951 0.5
7 Visceras and their products 0 1.8 0.5849+0.5130 0.5
8 Fishies, seafood and their 0 7 1.1191+1.5018 0.2
products
9 Eggs and their products - - - 0.25
10 Milk and their products 0.0018 1.121 0.3660+0.3766 0.02
11  OQils, fats and their products 0.0004 0.533 0.1545+0.1464 0.1
12 Sugars, syrups, and 0.05 1.5 0.51+0.4767 1
confectionaries
13  Spices and their products 0.004 1.14 0.4256+0.3861 1
14  Beverages 0.0034 4.7595 1.7056+1.6178 0.2
15 Composite foods 0.044 0.044 0.044+0 0.25
16  Edible water 0 0.128 0.0231+0.0279 0.01
17  Supplement - - - 0.02

Notes: (-) = Not available, *Standard Deviation, **Lead Maximum Level from INADFC no 23 — 2017 [17].

The mean lead concentration is higher than Indonesian regulation's maximum level (table 3) in
vegetables and their products; fruits and their products; visceras and their products; fishies, seafood and
their products; milk and their products; oils, fats and their products; and beverages. The sources of lead
contamination in beverage and packaged food are from packaging which uses lead in the production
process. Lead contamination in fish products is sourced from the water system which can be
contaminated by industrial and urban waste. Gas emission of vehicles on the farm and the distribution
process are the main sources of lead contamination in agricultural products [18]. One of the most
important sources of lead contamination in milk is water and other factors such as transhumance along
roads and/or motorways, fodder contamination, climatic factors, such as winds, and the use of pesticide
compounds [19].

The mean of lead concentration from references in fish, seafood and their products have a standard
deviation value higher than mean values, it showed a wide range of data. This is caused by a variety of
products, such as fish, shellfish, crustaceans, mollusks, fishery products and others. Shellfish and
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mollusks have the highest mean of lead concentration by 1.4464 mg/kg and the lowest mean of lead
concentration is in the freshwater fish group by 0.4214 mg/kg. Shellfish and mollusks are a natural
accumulator which made the high likelihood of lead accumulation in shellfish and mollusks.

3.5. Dietary intake of lead in Indonesia

Calculation on table 4 showed infants (0-59 months) and children (5-12 yr.) have the highest value of
lead dietary intakes (based on the mean concentration of lead from the references). This results in
accordance with lead dietary intake estimation of Health Ministry of Indonesia, where infants (36-59
months) have the highest lead dietary intake with the range 1.0577-3.6762 ug/kg BW/day [5].
FAO/WHO data also showed lead intakes of children in the world ranged from 0.03 to 9 pg/kg BW/day
[9]. Another research in Jinhu, China, showed lead dietary intakes of children (11.84 pug/kg BW/week)
is higher than in adults (7.70 pg/kg BW/week) [20]. Infants and young children are especially sensitive
to low levels of lead which may contribute to behavioral problems, learning deficits and lowered 1Q
[21]. At high levels of exposure, lead affects the central nervous system, causing coma, convulsions,
and death [22]. Based on table 4, lead dietary intakes in this study are 3 to 10 times higher than lead
dietary intakes of Health Ministry of Indonesia, 10 to 15 times higher than the Europeans and 40 to 50
times higher than the Australians.

Table 4. Comparison of lead dietary exposure based on minimum, maximum and mean lead
concentration from references, and INADFC maximum level of the lead with various

studies.
The mean dietary intake of lead (ug/kg BW/day)
No Age Groups This Study Indonesian [5] European  Australian
Min.  Max. Mean ML* [13] [23]

1 Infant 120 4337 1097 13.1 1.0054-3.2638 0.73-1.09 0.22-0.24
(0-59 5 (0-35 months) (infants) (9 months)
months) 1.0577-3.6762 1.10-1.54  0.26-0.27

(36-59 months) (toddlers) (2-5yr.)

2 Children 0.99 8454 7.85 9.89 0.6926-2.6207 0.87-1.18 0.16-0.17
(5-12 yr.) (6-12 yr.)

3 Adolescence  0.53 881.9 492 6.24 0.4444-1.7016 0.46-0.63 0.12
(13-18 yr.) (13-16 yr.)

4 Adults 0.35 1056.8 452 547 0.4215-15145 0.43-057 0.12-0.13
(19-55yr.) (=17 yr.)

6  Elderly 0.19 9264 427 527 0.3332-1.3878 0.42-0.55 -
(>55yr.)

7 Allage 0.39 975.11 478 585 0.4724-1.7355 0.58-0.78 -

Notes: (-) = Not available, *based on assumption Lead Maximum Level from INADFC no 23 — 2017 [17] as lead
concentration

3.6. Lead dietary intake in Indonesia

3.6.1. Risk values. Risk values of lead dietary exposure based on the mean concentration of lead from
references and INADFC maximum level of lead are high-risk (>100% PTWI) in all age groups. The
highest risk value is in the infant group (0-59 month). The study of the Health Ministry of Indonesia
showed high-risk values of lead dietary exposure is in infants (36-59 months) by 103% PTWI [5], while
in another study in various countries (EFSA 2012; FSANZ 2011; Liu et al. 2010; Othman 2010) showed
low-risk values, those are European (11-43 %PTWI) [13]; Australian (3-7 %PTWI) [23]; Jinhu, China
(30-47 %PTWI) [20] and Riyadh City, Arab Saudi (24%PTWI) [16].

Table 5 displays the risk values of lead dietary exposure based on INADFC maximum level of lead are
high-risk in all age groups and higher than the risk value of lead exposure based on the mean
concentration of lead. Figure 2 shows risk values of INADFC maximum level of lead are shown to be
higher than in other regulations in all age groups. This is due to INADFC regulating the maximum level
of lead in all food groups, while others do not regulate them. For example, INADFC regulates the
maximum level of lead for eggs and eggs products, while Codex, EU, and USDA do not regulate it.
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Table 5. Comparison of risk values of lead dietary exposure based on the mean concentration of lead
from reference and based on assumption INADFC maximum level of lead as lead
concentration.

Risk values (% PTWI)

Infants  Children  Adolescence Adults Elderly  All age
No  Typesofdatd " 59" (5.02yr) (13-18yr)  (1955yr)  (>55yr.)
months)
1 Mean 307.15 219.69 137.73 126.66 119.56 133.76
concentration
of lead
2 INADFC 368.23 276.94 174.70 153.06 147.53 163.76
maximum
level of lead
«
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(0-59 months)  (5-12 yo.) (13-18 yo.) (19-55yo0.) (19-55y0.)

Figure 2. The comparison between risk values of lead dietary exposure of INADFC no 23-2017
with other regulation as lead level and IFCS report 2014 as food consumption data
= = INADFC [17], = =codex [6], B = EU [24] o = USDA [25].

3.6.2. 1Q decrement. High-risk values of lead dietary exposure to infants and children would increase
the probability of 1Q decrement. Each year, lead exposure causes an estimated 600,000 new cases of
mental retardation in children and 143,000 deaths per year, mostly in developing regions [22]. A 6.9 1Q
point decrement [95% confidence interval (Cl), 4.2-9.4] associated with an increase in concurrent blood
lead levels from 2.4 to 30 pg/dL [26]. The association of blood lead levels with lead dietary intakes are
range from 0.052 to 0.16 ug/dL for every 1 pg/day lead dietary exposure [5]. Calculation of 1Q
decrement due to lead dietary exposure was conducted for infants and children with average body
weight of 11.67 kg and 27.5 kg. Table 6 shows that 1Q decrement in children is higher than infants. A
study in a cohort born in New Zealand in 1972-1973 shows that childhood lead exposure was associated
with lower cognitive functions and socioeconomic status at the age of 38 years and with declines in 1Q
and downward social mobility [27].
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Table 6. 1Q decrement in infants and children due to lead dietary exposure in this study.

Lead dietary exposure in 1Q point
Age groups this study decrement
Infants (0-59 months)
Mean concentration of lead from references 10.97 4.27
INADFC maximum level of lead as lead 13.15 5.16
concentration
Children (5-12 yr.)
Mean concentration of lead from references 7.85 7.19
INADFC maximum level of lead as lead 9.89 9.06

concentration

3.6.3. Food groups contribution. The dietary exposure assessment was conducted for 15 of 17 food
groups from IFCS report 2014. From 15 food groups, the major contributors to lead dietary exposure in
all ages were fish, seafood and their products; cereals and their products; edible water; and meats and
their products. Another dietary exposure assessment in Catalonia, Spain states that cereals and grains
are the major contributors to lead exposure in human consumption. Dietary exposure assessment of lead
in Riyadh, Saudi Arabia displays vegetables and cereals as the major contributors [16] Figure 3
visualizes the comparison of major contributors to lead dietary exposure in this study differs with other
exposure assessments. This is due to different sources of lead contamination and different levels of food
consumption in each country.

10 14 21 7 53
Foanz (231 e ]
7 16,3 8,4 10,6 17
Europe (1] |ESSN— JIIIIL
52,31

Indonesia [6]

24,25
This study

0% 20% 40%

Figure 3. The Comparison of major contributors to lead dietary exposure in various references. Note:
*Adults > 17  years old.  WEdible water B Cereals and their products
O Vegetables and their products ~ @Milks and their products  @Fishes and seafoods =~ OBeverages

B Composite foods , B@O0thers

4. Conclusions

In this study, the highest level of food consumption belongs to edible water (60-67%) and then cereals
and their products (11-15%) and fish, seafood and their products (3-4%). The highest mean
concentration of lead is beverages by 1.7056 mg/kg. The mean of lead concentration of food from
references is higher than INADFC maximum level of lead in vegetables, fruits, tuber, fishes, milk, oils,
and beverages in all age groups. Infants (0-59 months) has the highest lead dietary exposure. Risk
characterization results show that lead dietary exposures are high-risk in all age groups, especially in
the group of infants and children. The lead dietary intakes of this study may result in reduced 1Q scores
in infants and children by 4.27 and 7.19 points. Major contributors to lead dietary intakes are fish and
seafood (32.59%), cereals (24.25%) and vegetables (12.42%). The results of this study can be used as
the initial prediction of health risks faced by Indonesians that are caused by lead exposure originating
from food sources. Verification of this study's results is still needed with a dietary exposure assessment
using the probabilistic approach with better outcomes.

8



The 3rd EIW IOP Publishing

IOP Conf. Series: Earth and Environmental Science 278 (2019) 012021  doi:10.1088/1755-1315/278/1/012021

References

[1] Gusnita D 2012 Pencemaran logam berat timbal (Pb) di udaran dan upaya penghapusan bensin
bertimbal Berita Dirgantara 13(3) 95-101

[2] Naria E 2005 Mewaspadai dampak bahan pencemaran timbal (Pb) di lingkungan terhadap
kesehatan Jurnal Komunikasi Penelitian 17(4) 66-72

[3] Rumanta M, Latief A, Rahayu U, Ratnaningsih A and Nurdin G 2008 Konsentrasi timbal (Pb)
pada perairan di sekitar Teluk Jakarta J. Matematika, Sain dan Teknologi 9(1) 31-36

[4] Word Health Organization 2018 Lead poisionong and health Fact Sheets

[5] Health Ministry of Indonesia 2016 Analysis of Food Chemical Contamination Total Diet Study
Book

[6] Codex Alimentarius Commission 2016 General Standard for Contaminants and Toxin in Food
and Feed Codex Standard 193-1995

[71 Food and Agriculture Organization (FAO)/World Health Organization (WHQO) 2011 Towards a
Harmonised Total Diet Study approach: a Guidance document: Joint Guidance of EFSA, FAQ,
and WHO

[8] Health Ministry of Indonesia 2014 Individual Food Consumption Survey Total Diet Study Book

[9] Food and Agriculture Organization (FAO)/World Health Organization (WHO) 2011 Safety
Evaluation of Certain Food Additives and Contaminant. Sevety-third meeting of Join FAO/WHO
Expert Committee on Food Additive (JECFA) Lead 381-497

[10] Fanaike R 2017 Kajian Paparan Sulfit di Indonesia (Bogor: Bogor Agricultural University)

[11] Food and Agriculture Organization (FAO)/World Health Organization (WHQ) 2005 Dietary
Exposure Assessment of Chemicals in Food Report of Joint FAO/WHO Consultation

[12] Food and Agriculture Organization (FAO)/World Health Organization (WHO) 2014 Guidelines
for the Simple Evaluation of Dietary Exposure to Food Additive CAC/GL 3-1989

[13] European Food Safety Authority (EFSA) 2012 Scientific report of EFSA: Lead dietary exposure
in the European population EFSA. J. 10(7)

[14] Environmental Protection Agency (EPA) 2011 Exposure Factors Handbook (Washington:
National Center for Environmental Assessment)

[15] Micha R, Khatibxadeb S, Shi P, Andrews K G, Engell R E and Mozaffarian D 2015 Global,
regional, national consumption of food major groups in 1990 and 2010: a systematic analysis
including 266 country-specific nutrition surveys worldwide BMJ. open 5(9) 1-23

[16] Othman Z A A 2010 Lead contamination in selected foods from Riyadh city market and
estimation of the daily intake Molecules 10(15) 7482-7497

[17] Indonesia Nation Agency of Drug and Food Control (INADFC) 2017 Regulation of the head of
the food and drug supervisory agency of the Republic of Indonesia 23 about the maximum level
of heavy metals in food

[18] Agustina T 2014 Kontaminasi logam berat pada makanan dan dampak kesehatan J. Teknologi
Busana dan Boga 1(1) 53-65

[19] Jigam A A, Dauda B E N, Jimoh T, Yusuf H N and Umar Z T 2011 Determination of copper,
zinc, lead and some biochemical parameters in fresh cow milk from different locations in Niger
State, Nigeria Afr. J. Food Sci. 5(3) 156-160

[20] Liu P, Wang Cn, Song X Y and Wu Y N 2010 Dietary intake of lead and cadmium by children
and adults - Result calculated from dietary recall and available lead/cadmium level in food in
comparison to result from food duplicate diet method Int. J. Hyg. Environ. Health 213(6) 450

[21] Gillis B S, Arbieva Z and Gavin | M 2012 Analysis of lead toxicity in human cells BMC
Genomics 13(344)

[22] Jouhadi Z, Bensabbahia D, Chafiq F, Oukkache B, Guebessi NB, Abdellah E A, Najb J 2016
Lead poisioning in children: a case report Pan Afr. Med. J. 24(316)

[23] Food Standards Australia New Zealand (FSANZ) 2011 The 23rd Australian Total Diet Study
(Canberra: FSANZ)

[24] European Union (EU) 2006 Commission Regulation (EC) No 1881/2006

[25] United State Department of Agriculture (USDA) 2013 Technical regulation on mycotoxin and

heavy metal MRLs in food (Washington: USDA)

9



The 3rd EIW IOP Publishing

IOP Conf. Series: Earth and Environmental Science 278 (2019) 012021  doi:10.1088/1755-1315/278/1/012021

[26]

[27]

Lanphear B P, Hornung R, Khoury J, Yolton K, Baghurst P, Bellinger D C, Canfield R L, Dietrich
K N, Bornschein R, Greene T, Rothenberg S, Needleman H L, Schnaas L, Wasserman G,
Graziano J and Roberts R 2005 Low-level environmental lead exposure and children's intellectual
function: an international pooled analysis Environ. Health Perspect. 113(7) 894-899

Reuben A, Caspi A, Belsky D W, Broadbent J, Harrington H, Sugden K, Houts R M, Ramrakha
S, Pulton R and Moffitt 2017 Association of childhood blood lead levels with cognitive function
and socioeconomic status at age 38 years and with 1Q change and socioeconomic mobility
between childhood and adulthood JAMA. 317(12): 1244-1251

10



