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Abstract

Opah fish (Lampris guttatus) is one of the bycatch products of Tuna fish catch. The fish currently has become one
of the major exported commodities of Indonesia. However, due to its natural deterioration, the fish contained high
formaldehyde up to 200 ppm which can be one of health risk when consumed. The aim of this study is to obtain
probabilistic health risk assessment data due to consumption of opah fish that contaminated with natural
formaldehyde. The study was initiated with analyzing the formaldehyde content of the opah fish (Lampris guttatus)
stored in freezing temperature for less than three months. To evaluate the population risk associated with consumption
of formaldehyde-contaminated fish, a probabilistic exposure assessment was conducted in several categories
based on individual characters who are likely to consume opah fish. Exposures are grouped by sex (male and
female) and age (children and adults). To identify the best fit distribution in the probabilistic exposure analysis, fish
consumption, body weight and natural occurrence of formaldehyde concentration in Opah fish were fitted in the
@Risk®7.0 for Microsoft Excel 2010. Risk exposure analysis was conducted based on the formaldehyde content in
Opah fish (real concentration) and two other scenarios of 2 and 4 times of the Opah fish real formaldehyde content.
The result showed that Opah fish caught in Indonesian waters and stored in freezing temperature for less than
three months, due to deterioration process, could naturally produce formaldehyde ranged from 4,62 + 0,00 mg/kg
to 58,10 + 0,46 mg/kg. Consequently, based on the probabilistic exposure assessment, female children in Jakarta
and Surabaya were considered as in health risk problems. Extremely, the further simulations using two and four
times of formaldehyde concentration exposure revealed the health risk for both gender and all age groups of
Jakarta and Surabaya residents. Therefore, the stakeholders i.e. government and policy makers should take some
priorities in formulating a proper risk management strategy on the basis of knowledge of endogenous formaldehyde
present in Opah fish as well as risk management strategies for the fish consumer in Indonesia.
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1. Introduction that lead to an increase of formaldehyde content for
each type of fish (Yeh, Lin, Chen, & Wen, 2013);

Indonesia has been known for its large fisheries  \yrtini et al., 2014, Rachmawati, Riyanto, & Ariyani,
catch and recently became one of the biggest fish 2007).

exporter in the world. As important part of food and o

nutrition, fish has to be guaranteed and to be ensured The content of formaldehyde in fish endanger health
safe from harmful elements for health (M. S. Hoque et P€cause it is carcinogenic, allergenic and induce
al., 2018). Unfortunately, several fish have been 9€notoxicity (M. S. Hoque, Jacxsens, De Meulenaer,
contaminated by hazardous substances. Those &Alam, 2016). Health problems that occured due to
substances could be naturally formed due to formaldehyde including acute toxicity and
metabolism reaction. One of those substances is mmunotoxicity, chronic toxicity, hematotoxicity,
formaldehyde. Time and way of storage are factors reproductive toxicity and carcinogenesis (Tang et al.,
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2009). Formaldehyde is classified as category |
compound that could cause cancer in humans and
could enter the human body through the mechanism
of inhalation, oral and skin contact (IARC, 2012).

Indonesia, through Permenkes Number 033 /
Menkes / Per / VII / 2012, has been regulating the
distribution of food that does not meet the
requirements of safety and quality for health including
prohibited the use of formaldehyde as food additives.
Moreover, the US Environmental Protection Agency
(US EPA) established oral reference dose (Rfd)
formaldehyde at a dose of 0.2 mg/kg body weight/
day (Wang, Cui, & Fang, 2007), while the International
Program on Chemical Safety (IPCS) stipulates that
the safe limit of exposure to formaldehyde contained
in food and entry into the human body is 1.5 mg/day
to 14 mg/day for adults. China established a
maximum content of formaldehyde in fermented
vegetables of 2 mg/L (Tang et al., 2009). Eating foods
exposed to formaldehyde in acute form might cause
disturbances in the respiratory system, digestion and
irritation of the skin and eyes, while chronically it might
cause cancer, especially tracheal and pancreatic
cancer, and even it might cause death (Abdollahi &
Hosseini, 2014;Bhowmik, Begum, Hossain, Rahman,
& Alam, 2017; IARC Working Group on the Evaluation
of Carcinogenic Risks to Humans, 2012; Mundt,
Gentry, Dell, Rodricks, & Boffetta, 2018).

An example of fish which may contain a high level
of formaldehyde is opah fish. Opah fish was originally
captured as bycatch in Tunafisheries (Murtini, Ariyani,
t al., 2017). During 2015-2017, opah fish that was
captured reached 573,44 ton which 70,90% of it was
consumed domestically in Indonesia, meanwhile the
rest of the fish was exported to Malaysia, Mauritius,
Japan, Taiwan and USA (BKIPM, 2017). Opah fish is
indicated to has a high natural formaldehyde content.
Moreover, its natural formaldehyde content is
increasing during frozen storage (Murtini, Ariyani, et
al., 2017). The natural formaldehyde content in opah
fish has potential to cause health problems whenever
be consumed. However, there are only few reliable
reports and information regarding to health problem
risk of exposure of formaldehyde-contaminated opah
fish.

Thus, this study presents the level of health risk
due to consumption of opah fish that contaminated
with natural formaldehyde due to deterioration
process. The results are expected to provide an
overview of the influence of opah fish consumption with
a high content of natural formaldehyde in Indonesia,
also might be used as a reference for policy holders
to establish regulations on food consumption in stress
of handling process also time, especially for the food
that has natural formaldehyde content.
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2. Material and Methods

2.1. Study Site and Sample Collection

Four freshly captured of opah fish (Lampris
guttatus) with average weight of 18.57 + 3.14 kg; and
TVB content of <30 mgN% were kept in freezing
condition for 1 week by KM Perintis Jaya 88. The
opah fish sampling location was at coordinates 17°
32‘0“LS and 111°20' 0" BT also 17° 33 ‘0 “and 111°
18' 0" BT. The samples were transported to the
laboratorium of Research Center for Marine and
Fisheries Product Processing and Biotechnology
(RCMFPPB) in Jakarta, cut and divided into four
groups as replicates before frozen stored (-18°C) for
three months depending on their TVB content. During
the storage (less than three months), formaldehyde
content of seven opah fish (with a weight range of
2,65 £ 0,45 kg) that categorized as fresh (TVB <30
mgN%) were obtained.

2.1.1. Chemicals

The chemicals used in the research were boric
acid (Merck), Trichloroacetic acid (TCA; Merck);
acetylacetone (Merck); ammonium acetate (Merck);
glacial acetic acid (Merck); Hydrochloric acid (Merck),
calcium carbonate (Merck), Nash's reagent, and 100
ppm formaline standard solution which was prepared
from 37% formaldehyde solution (Merck) with titration
acid-base method according to Farmakope Indonesia
(Rohmad, Putri, Anissah, & Murtini, 2018).

2.1.2. Determination of Formaldehyde
Concentration using spectrophotometry

The analysis of the natural formaldehyde content
was conducted using UV-Vis Spectrophotometric
(Perkin Elmer, ) instrument at 412 nm wavelength
according to (Benjakul, Visessanguan, & Tanaka,
2004; Rohmad, Putri, Anissah, & Murtini, 2018). The
spectrophotometric method using Nash’s reagent was
applied to determine the formaldehyde content (mg/
kg) in fish. Nash’'s Reagent was used as an indicator
which helps to detect the absorbance of formaldehyde
(Nash, 1953). To prepare Nash’s reagent, 15 g
ammonium acetate was diluted in a 100 ml Erlenmeyer
flask with an addition of 0.3 ml of acetylacetone and
0.2 ml of acetic acid. About 30 g fish flesh was blended
for 10 minutes. Sixty (60) mL of 6% w/w TCA was
added for extraction of formaldehyde from the fish flesh.
The extracted solution was then filtered by a Whatman
No.1 filter paper. The pH of the solution was determined
by a pH meter. The addition of TCA resulted in a
reduced pH value of the sample which was then
adjusted between 6.00-6.50 by using potassium
hydroxide (KOH) and hydrochloric acid (HCI). Five (5)
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mL of the sample solution was taken in a 50 mL
volumetric/conical flask. The sample was taken out
and 2 mL of previously prepared Nash’s reagent was
added as an indicator. The fish sample was then
heated in the water bath at 60 °C for 30 minutes. The
absorbance of the sample in a cuvette was measured
at 412 nm immediately by UV/Vis spectrophotometer.
The sample reading (triplicate) was placed in the
standard curve for the calculation of formaldehyde
concentration in the fish sample.

2.2. Collection of Fish Consumption and Body
Weight Data

2.2.1 The data of opah fish consumption

Currently, the data of opah fish consumption by
Indonesian is not available. However, in this research,
the data of opah fish consumption were obtained
through secondary data approach which is issued by
a couple of government agencies. The calculation of
consumption data is approximated by secondary data
processing that issued by Fish Quarantine Agency
and Quality Supervisor (BKIPM) through Statistics
BKIPM (BKIPM, 2018) and the Indonesia Ministry of
Health through the results of the Individual Food
Consumption Survey of 2014 (Siswanto, 2014). Based
on these approaches, a number of opah fish that
consumed by the domestic community (Indoneesian)
can be obtained. The number of opah fish catches
used for subsequent domestic consumption is
compared with the number of residents according to
the established category (child, adult, male and
female) in the area. The result obtained is the
possibility of opah fish consumption in units (g / day).

Opah fish data entry at fish quarantine stationsin
all regions of Indonesia 2015-2017 (BKIPM, 2018)
showed that the Opah fish caught in Indonesian waters
was used for both domestic consumption and for
export commodity. For domestic distribution, it was
recorded that the fish was only landed in the Benoa,
Bali Fish Quarantine Unit for BKIPM Class | Surabaya
and BKIPM Class | Jakarta Il. As for export needs,
Opah fishis delivered through BKIPM Class | Jakarta
II, KIPM Station Class | Medan Il, BKIPM Class |
Surabaya | and BKIPM Class | Denpasar. Based on
the data of domestic fish shipment destination, the
exposure assessment calculation of the opah fish
consumption was conducted at DKI Jakarta and East
Java Provinces. Then it was assumed that Opah fish
was distributed for public consumption in both
provinces. The flow chart of the determination of Opah
fish consumption was described in Figure 1.

2.2.2. Weight data

Response to contaminant exposure in each
individual is more affected by weight. Based on this,
the calculation of formaldehyde exposure is
differentiated by 4 categories, ie. boys, girls, adult
males and adult females. Body weight data for the
four categories are based on Muljati, Triwinarto, Utami,
Penelitian, & Hermina (2016). Body weight data by
sex and age group is used to determine the minimum,
mean and maximum weight values for categories of
children and adults of both men and women as
described in Figure 2.

2.3. Probabilistic Exposure Assessment

To evaluate the population risk associated with
consumption of formaldehyde-contaminated fish, a
probabilistic exposure assessment was conducted.
Exposure assessment for the calculation of
probabilistic risk assessment due to natural
formaldehyde in opah Fish intake is conducted in
several categories. Individual characters who are likely
to consume opabh fish are grouped by sex (male and
female) and age (children and adults). This
categorization is done based on the body weight
difference. This weight difference is one of the factors
that influence the body’s response when receiving
exposure to harmful substances, in this study was
formaldehyde.

@Risk®7.0 for Microsoft Excel 2010, Palisade
(2010), was used to analyze the Opah fish
consumption data (g/day BW) combined with
formaldehyde concentration (mg/kg) distributions data
which resulted an exposure distribution data (mg/kg
BW.d). Best fit distributions of opah fish consumption
and formaldehyde concentration was analyzed using
the Chi-square statistics. First-order Monte-Carlo
simulations were undertaken considering 50,000
iterations. The simulations were repeated three times
to ensure a stable estimation. Formaldehyde intake
(mean, standard deviation, maximum, minimum) was
determined from the output of the simulation model.
(M. d. S. Hoque et al., 2018)

Formalin dietary exposure in the flesh of Opah fish
included the consumptions and three different
scenarios of formaldehyde concentration (real
concentration, 2 and 4 times of real concentration)
data were analyzed. Risk exposure analysis was done
based on the available data of formaldehyde
concentration in fish (mg/kg) and average fish
consumption (g/day/person) which then was
calculated as per following equation. Exposure
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The amount of fish
traffic data of
2015-2017
(Statistics BKIPM,
KKP)

y

Consumption Data
of 2014 (Ministry
of Health, 2014)

Figure 1. Flowchart method of the opah fish consumption determination in Jakarta and Surabaya categorized

The data of opah
fish for domestic
needs, (the data of
fish that landed at
the Fish
Quarantine Unit of

Benoa, Bali)

Traffic data of opah fishin 2015-
2017

a.Data of opah fish amount from

the Fish Quarantine Unit of Benoa,

Bali with the domestic destination
out to Jakarta (DJ) and Surabaya
(DS)

b.Data of export fish from Jakarta
(EJ) and Surabaya (ES)

—>

Average
consumption of
fish and
processed fish,
per person,
classified by age
group (g/ day)

The amount of fish traffic data in
the same location and month as
the capture of opah fish during

2015-2017

a.Data of fish catch amount (IT)
b.Data of fish exports amount (El)

Percentage of existence of opah
fish (%) to catch in Jakarta (PJ)
and Surabaya (PS):

aPJ (%) = (DJ-EJ)x 100%
(TI-El

b.PS (%) = (DS-ES) X 100%
(TFEN)
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A

Determination of fish

consumption average,

categorized as children (0-
19 years) (A) and adults (>
20 years) (D)

Average
consumption of
fishinall ages (g/
day) (RS)

A

A

Average consumption of
opah fish (g/ day)
category of childrenin
Jakarta (KAJ), adult of
Jakarta (KDJ), children of
East Java (KAT) and

adult East Java (KDT):
akKA)= AlxPJ)
100
b.KDJ = DJ x PJ
100
C.KAT = AT xPJ
100
d.KDT =DT xP.
100

Average
consumption of
fish an
processed fish (g/
day) per person by
Province of
Jakarta (KJ) and
East Java (KT)

Average consumption of
opah fish (g / day)
category of childrenin
Jakarta (AJ), adult of

Jakarta (DJ), children of
East Java (AT) and adult
of East Java (DT):
aAl= AxKJ
»> RS
b.DJ =D xKJ
RS
C.AT = AXKT
RS
d.DT =D xKT
RS

1

by age and sex.

expressed as mg/kg body weight/day (M. S. Hoque

etal., 2016). Concentration of contaminant (mg/kg) X

consumption (g/day)

3. Results and Discussion

Concentration of contaminant (mg/kg) X Consumption (g/day)

Exposure =

Body Weight (kg)
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3.1. Prevalence and Concentration of Natural
Formaldehyde in Opah fish from Indonesia

The natural formaldehyde content in Opah fish is
shown in Table 1. Based on the result, natural
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Table 1. Formaldehyde concentration (mg/kg) in Opah fish (Lampris guttatus) along with a variation of two
times and four times of formaldehyde real concentration

Formaldehyde content  gjmyjation of 2 times of

Simulation of 4 times of FA real

: : real -
FENEPEEES (mgfkg) i D FA rtz:qlgc/:sg)cirgstlon concentration (mg/kg) + SD
Opah fish flesh (Lampris guttatus), 4.62 £0.00 9.24+0.00 1848+ 0.00
weight range 2.65 + 0.45 kg, TVB
< 30 mg N%
8.21+0.52 1641+1.04 32831207
14.80+0.76 29.60+1.53 59.20+ 3.06
27.82+0.14 55.63+0.28 111.27 +0.56
32.68+1.66 65.35+3.32 130.70+6.64
36.44+£0.83 72.88+1.66 14576 +3.32
58.10 £ 0.46 116.19+0.91 232.38+1.83
Opah Fish (Lampris guttatus) 91
Opah Fish (Lampris guttatus), 250
frozen storage up tp 6 months

*FA stands for Formaldehyde. N =3

Sources: (Anonymous, 2016a; Anonymous, 2016b; Anonymous, 2016c); Murtini et al., (2017)

formaldehyde content of Opah fish was ranged from
4,62 + 0,00 mg/kg to 58,10 + 0,46 mg/kg. The results
was obtained from fresh Opah fish flesh (Lampris
guttatus) with weight range of 2,65 + 0,45 kg. The
freshness of Opah fish was monitored through its TVB
content which should less than 30 mg N%. This finding
is in agreement with another study, Murtini et al.,
(2017) stated that the natural formaldehyde
concentration in fresh Opah fish could reach 40 mg/
kg. The result is also has similarity with other study
of natural formaldehyde in fish that ranged from 10.8
+1.72 mg/kg — 39.68 + 7.87 mg/kg for marine finfish
and ranged from 6.4 + 1.2 mg/kg to 293 + 26 mg/kg
for Gadidae family (Bhowmik et al., 2017;Bianchi,
Careri, Musci, & Mangia, 2007). Meanwhile other
studies reported lower natural formaldehyde content
in various fish species, i.e. 0.954; 1.572; 0.964; 0,715;
1.381; 1.303 ppm, 5 mg/kg for star pompfret,
barramundi, cobia, milkfish, red snapper, grouper and
kerapu cantik respectively (Murtini et al., 2014;
Rohmad et al., 2018). M. d. S. Hoque et al., (2018),
also reported lower concentration of natural
formaldehyde in Indian major carp rui, minor carp,
Chinese carp and tilapia ranged from 0.77+0.03 mg/
kg to 1.68+0.06 mg/kg; 0.43+£0.03 mg/kg to 0.93+0.03
mg/kg; 0.82+0.03 mg/kg to 1.50+0.00 mg/kg; and
1.08+0.03 mg/kg to 2.08+0.05 mg/kg respectively.

Fluctuations in formaldehyde could be explained
by the different levels of trimethylamine n-oxide

(TMAO) and its concentrations in fish samples. Fish
storage time and temperature can play an important
role in different levels of formaldehyde in fish species
(Bianchi et al., 2007). The TMAO is hydrolized into
trimethylamine, dimethylamine, and formaldehyde
(HCHO), whenever fish undergoes postmortem
changes (Aminah, Zailina, & Fatimah, 2013). It is
known that TMAO is much more available in marine
fish than in freshwater fish due to its function for the
osmoregulatory system. Thus, the formaldehyde that
was produced naturally in the fish muscle by either
bacteria or enzyme reaction becomes covalently
bonded to a cross-linkage among peptide chains
(Bhowmik et al., 2017).

The chemical composition of fish meat that plays
arole in the formation of formaldehyde in the fish body
after death is fat and protein. According to Murtini,
Wibowo, et al., (2017), with more than 20% protein
content, Opah fish used in this study was classified
as fish with high protein content. Furthermore, in a
fish protein complex, there is TMAO degradation from
choline compounds in a fish protein matrix that can
decompose into formaldehyde and DMA through the
regression of fish quality. Moreover, the fat content of
meat is also correlated indirectly on formaldehyde
formation of fish during the deterioration process
through free fatty acid formation which in the later
stage can be decomposed into choline and continued
as TMAO. Later on, the high protein content of the
opah fish samples used in this study seems to be a
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Table 2. Best fit distribution for formaldehyde concentration (mg/kg) in Opah fish (Lampris guttatus) along with
variation of two times and four times of formaldehyde concentration and body weight of different ages

and sex
Parameter The . best fit distribution Min Max Mean sb
function
Concentration of FA (mg/kg)
RiskExtvalue(22,214;14,519;
FA RiskName("FA") 0 181.38 30.59 18.62
. RiskExtvalue(44,427;29,038;
FA 2 ' = ’ . 1.1 7.24
times RiskName("FA 2") 0 365.69 61.19 3
. RiskExtvalue(88,854;58,076;
FA 4 times RiskName("FA 4") 782.91 122.38 74.49
Body Weight (kg)
Child Female RiskPert(5,9;25,85;54,2) 6.23 53.24 27.25 9.07
Child Male RiskPert(5,9;24,94;54,2) 6.17 53.48 26.64 9.04
Adult Female RiskPert(53,7;55,35;62,9) 53.7 62.38 56.33 1.57
Adult Male RiskPert(53,8;58,26;62,9) 53.9 62.84 58.29 1.72

precursor in the formation of natural formaldehyde
(Murtini, Wibowo, et al., 2017).

In 2016, more than 14 ton of Opah fish which
positively contained up to 91 ppm of formaldehyde
were dismissed by the regional government of DKI
Jakarta (Anonymous, 2016a; Anonymous, 2016b;
Anonymous, 2016c). In fact, this kind of fish can
naturally contain a high concentration of formaldehyde,
and even stated by Murtini et al., (2017), after several
months of frozen storage, the natural formaldehyde
concentration could reach 250 ppm. Based on that
experience, in the present study, there are three
scenarios on formaldehyde concentration to be
studied i.e. the real formaldehyde content, two times
of formaldehyde content and four times of
formaldehyde content. Furthermore, this scenario
could reach the adequate amount of 91 to 250 ppm to
demonstrate the health risk of natural formaldehyde
intake by consuming opah fish.

3.2. Formaldehyde exposure assessment

Using the probabilistic exposure assessment in
this study, one dataset for formaldehyde concentration
along with the scenario of two times and four times of
real formaldehyde content was constructed for Opah
fish. To identify the best fit distribution in the
probabilistic exposure analysis, fish consumption,
body weight and natural occurrence of formaldehyde
concentration in Opah fish were fitted in the
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@RIisk®7.0 for Microsoft Excel 2010, Palisade (2010),
The best fit distributions for both of the formaldehyde
concentration and body weight of consumers are
shown in Table 2.

2.2.1. Fish consumption data

Cumulative consumption (g/day BW) of Opah fish
by children and adult in Jakarta and Surabaya are
presented in Table 3. Fish consumption data were
obtained by secondary data approach which is issued
by a couple of government agencies. The calculation
of consumption data is approximated by processing
secondary data issued by Fish Quarantine Agency
and Quality Supervisor (BKIPM) i.e. Statistics BKIPM
(BKIPM, 2018) and by Ministry of Health i.e. the
Individual Food Consumption Survey of 2014 data
(Siswanto, 2014). Based on these approaches,
Jakarta and Surabaya were chosen as the case study
city, since Opah fish was distributed and consumed
in both cities. The number of opah fish catch used for
subsequent domestic consumption was then
compared with the number of residents according to
the established category (child, adult, male and
female) in the areas. The result obtained is the
possibility of Opah fish consumption in units (g / day).
Mean value of Opah fish consumption for childrenin
Jakarta, adult in Jakarta, children in Surabaya and
adult in Surabaya was 0,16482; 0,22008; 0,17686;
and 0,23614 (g/day BW), respectively (Table 3). The
consumption of Opah fish in Surabaya was greater
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Table 3. Consumption of Opah fish (Lampris guttatus) among children and adult in Jakarta and Surabaya

Source

Consumers Fish Consumption (g/day BW)
Children Jakarta 0.16482
Adult Jakarta 0.22008
Children Surabaya 0.17686
Adult Surabaya 0.23614

(BKIPM, 2018; Muljati, Triwinarto, Utami, Penelitian,
& Hermina, 2016; Siswanto, 2014)

compared to consumption in Jakarta for both of children
and adult. This reasonably happened because the
number Opah fish that circulated in Surabaya is much
higher than in Jakarta, eventhough the number of
residents of Jakarta is larger rather than of Surabaya.

Based on Individual Food Consumption Survey of
2014 data (Siswanto, 2014). Jakarta and Surabaya
were chosen as the case study city, since Opah fish
was distributed and consumed in both cities. The
number of opah fish catches used for subsequent
domestic consumption was then compared with the
number of residents according to the established
category (child, adult, male and female) in the areas.
The result obtained is the possibility of Opah fish
consumption in units (g / day). Mean value of Opah
fish consumption for children in Jakarta, adult in
Jakarta, children in Surabaya and adult in Surabaya
was 0,16482; 0,22008; 0,17686; and 0,23614 (g/day
BW), respectively (Table 3). The consumption of Opah
fish in Surabaya was greater compared to
consumption in Jakarta for both of children and adult.
This reasonably happened because the number Opah
fish that circulated in Surabaya is much higher than
in Jakarta, eventhough the number of residents of
Jakarta is larger rather than of Surabaya.

2.2.1. Probabilistic exposure assessment

The probabilistic dietary exposure of natural
formaldehyde due to Opah fish is shown in Table 4.
The data describes the formaldehyde intake from three
scenarios of Opah fish formaldehyde for two locations
of Jakarta and Surabaya. Each location was classified
into four group based on the ages (children and adult)
and the sex (male and female). Based on the data,
the mean value of formaldehyde intake in Jakarta for
children male, children female, adult male and an adult
female was 0,19; 0,20; 0,12; and 0,12 mg/kg BW/
day, respectively. Meanwhile, the mean value of
formaldehyde intake in Surabaya for children male,
children female, adult male and an adult female was
0,19; 0,22; 0,12; and 0,13 mg/kg BW/day respectively.

The data on dietary exposure of formaldehyde in
Surabaya were unsignificantly higher than in Jakarta,
that reasonably happened due to higher consumption

of consumers in Surabaya compared to in Jakarta.
All residents, except children female, are considered
safe to consume Opah fish from Indonesia. However,
the consumers of children female in both locations of
Jakarta and Surabaya were exposed to a maximum
limit of average daily intake (ADI) for formaldehyde,
which is only 0,20 mg/kg/day (Aminah et al., 2013).
At least of 30,59 mg/kg of formaldehyde in Opah fish
from Indonesia was consumed by female children in
Surabaya and Jakarta which caused big risk of health
concern. Furthermore, through the all further scenarios
by replicating formaldehyde concentration for two
times and four times (average of 61,19 and 122,38
mg/kg respectively), the dietary exposure of
formaldehyde reached 0,23 to 0,81 mg/kg BW/day.
Subsequently, all consumers in Jakarta and Surabaya
whether children or adult, female and male, are
considered as high risk for health problems by
consuming Opah fish contaminated by natural
formaldehyde. Eventually, the obtained data could
answer the potential health risk of consuming Opah
fish with the formaldehyde contamination of 91 to 250
ppm. By assuming the same approach, those
contaminated fish were considered as harmful for
health concern. Thereafter, the anticipation of many
stakeholders by buried the fish was good. However,
as long as the fish do not reach the maximum
exceeded of 15 mg/kg formaldehyde concentration,
thus the Opah fish is relatively safe to be consumed.

Although the formaldehyde in Opah fish was
naturally occurred, however the hazardous risk of
formaldehyde for health is the same as the illegally
added formaldehyde to food. Several studies on human
acute toxicity revealed that formaldehyde ingestion
gave serious ulceration and damage to the
gastrointestinal tract. Besides, formaldehyde also
causes some systemic and localized allergic reactions
in human. The median lethal dose for formaldehyde
has been determined to be approximately 523 mg/kg
based on ingestion of a 37% solution. Endogenously,
formaldehyde can cross-link proteins and single-
stranded DNA, hereafter it classified as toxicokinetics.
The carbonyl atom is the electrophilic site of
formaldehyde, making it react easily with nucleophilic
sites on cell membranes and in body fluids and tissues
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Table 4. Probabilistic dietary exposure of natural formaldehyde due to opah fish (Lampris guttatus) consumption
(mg/kg BW/ day) in three varieties of formaldehyde concentration

Descriptive Level of FA Concentration (mg/kg)

Location Consumers  Scenario
Min Max Mean SD P50 P75 P90 P95
FA 0 149 019 0,12 0,17 0,25 0,34 0,40
Child Male FA2times 0 257 038 023 034 050 068 081
FA4 times 0 468 0,76 046 068 100 1,36 1,62
FA 0 126 020 0,12 0,18 0,26 0,36 043
Child Female FA?2times 0 245 040 0,24 036 053 0,72 086
Jakarta FA 4 times 0 475 080 049 0,72 106 144 1,71
FA 0 0,70 0,12 0,07 010 0,15 0,21 0,25
AdultMale  FA?2times 0 144 023 0,14 021 030 0,41 0,49
FA4 times 0 3,06 046 0,28 042 061 0,83 0,99
FA 0 0,77 0,12 0,07 0,11 0,6 0,21 0,26
Adult Female FA2times 0 153 024 0,15 022 031 043 051
FA4 times 0 333 051 031 046 068 092 1,10
FA 0 1,18 0,19 0,12 0,17 0,25 0,34 0,40
Child Male FA2times 0 239 041 025 0,37 054 0,73 087
FA4 times 0 547 081 0,49 0,73 1,07 146 1,73
FA 0 126 022 0,13 019 0,28 0,39 0,46
Child Female FA?2times 0 267 043 0,26 039 057 0,77 092
Surabaya FA4 times 0 501 080 049 0,72 1,06 1,44 1,71
FA 0 0,75 0,12 0,08 011 0,16 0,22 0,26
AdultMale  FA2times 0 158 025 0,15 0,22 033 0,44 0,53
FA4 times 0 301 050 030 045 065 0,89 1,06
FA 0 0,77 0,13 0,08 012 0,17 0,23 0,27
Adult Female FA2times 0 161 026 0,16 023 034 046 0,55
FA4 times 0 305 051 031 046 068 092 1,10

such as the amino groups in protein and DNA. Higher
concentrations of formaldehyde precipitate protein. It
is probable that formaldehyde toxicity occurs when
intracellular levels saturate formaldehyde
dehydrogenase activity, allowing the unmetabolized
intact molecule to exert its effects locally.
Formaldehyde is a very strong cross-linking agent
even in the low concentration range. The reaction
mechanism of this agent is the initial addition of
formaldehyde to a primary amine on either an amino
acid residue or DNA base to yield a hydroxymethyl
intermediate. Then the hydroxymethyl group
condenses with a second primary amine to yield a
methylene bridge. Formaldehyde is weakly genotoxic
and was able to induce gene mutations and
chromosomal aberrations in mammalian cells and
presumably as a direct acting locally effective
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mutagen. The International Agency for Research on
Cancer (IARC) has determined that there is sufficient
evidence for the carcinogenicity of formaldehyde in
humans and experimental animals. Sufficient evidence
showed that formaldehyde causes nasopharyngeal
cancer, sinonasal cancer, and leukemia in human.
However, formaldehyde is not considered to be a
reproductive or developmental toxicant (Abdollahi &
Hosseini, 2014; Aminah et al., 2013; EFSA, 2014;
Tang et al., 2009; IARC, 2012; Norliana, Abdulamir,
Bakar, & Salleh, 2009).

Itis important to know that these probabilistic data
present description on the health risk of formaldehyde
intake by consuming specifically formaldehyde
contaminated-Opah fish. It means that there are many
other intrinsic factors that could affect the result,
especially that associated with the exposure
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assessments. Hereafter the uncertainty would arise,
such as the misinterpreting on the consumption data
or formaldehyde concentration that might cause under-
or over-estimation of dietary exposure of formaldehyde
intake. Afterward, further study is needed to cover
those lack of data and to consider the carcinogenic
effect of formaldehyde exposure.

Considering the exposure to formaldehyde with
Opah fish consumption is a possible health concern
for the group of female children in Jakarta and
Surabaya, furthermore, priority should be given to
formulating a proper risk management strategy on the
basis of knowledge of endogenous formaldehyde
present in fish. The results also could be used to
compare the risk of formaldehyde intake from
consumption of opah fish in the present study with
previous evidence, hence the stakeholders included
government and policymakers could prioritize risk
management strategies for the fish consumer in
Indonesia.

4. Conclusions

In conclusion, opah fish caught in Indonesian
waters could produced formaldehyde naturally due to
deterioration process which ranged from 4,62 + 0,00
mg/kg to 58,10 £ 0,46 mg/kg, less than former studies
which ranged from 91 to 250 ppm. According to that
range of formaldehyde concentration, the residents of
female children in Jakarta and Surabaya considered
as in health risk problems. Extremely, the further
simulations of two times and four times of
formaldehyde concentration showed the health risk
to all residents in Jakarta and Surabaya included
male, female, children, and adult. Assuming the similar
approaches, the study could answer the health risk
of opah fish that contaminated with 91 to 250 ppm of
formaldehyde, which is also considered as high health
risk. However, as long as the fish do not reach the
maximum exceeded of 15 mg/kg formaldehyde
concentration, the opah fish is relatively safe to be
consumed. Therefore, the stakeholders included
government and policymakers should take some
priorities to formulating a proper risk management
strategy on the basis of knowledge of endogenous
formaldehyde present in Opah fish and risk
management strategies for the fish consumer in
Indonesia.
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