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Abstract

The fish is an important food stuff and source of protein all over the world. In Bangladesh, fishe-
ries sector contributes a lot, in the case of the earning foreign currency and meeting domestic
need of the animal proteins. To fulfill the domestic need of protein and fish, Bangladesh imports
fish and fish products from the neighboring county. In many studies, it was proved that most of the
imported fishes are contaminated with formalin, which is the highly hazardous and carcinogenic
chemical. Information was collected from the fish retailers and consumers on the marketing of the
formalin treated fishes through survey using prescribed questionnaire at 18 different fish markets
in 6 different districts of Bangladesh. It was found that most of the commercially imported fishes
are highly contaminated with formalin. On the other hand, local big fishes, such as rui (Lobeo Ro-
hita), catla (Catla catla) and mrigal (Cirrhinus cirrhosus) etc., are also formalin contaminated par-
tially, but not all the fishes. All the local small fishes are free from the formalin contamination. In
this study, it was found that, among the 939 fish samples collected from the different fish markets
of the six districts, 213 fishes (22.68%) were directly contaminated with formalin. The contamina-
tion rate is so much higher in the big city like Dhaka (36.78%) and lower in the small town like
Jamalpur districts (13.33%). This study also indicated that, all the village markets were totally
free from the formalin contamination. As the fish traders used formalin to increase the shelf life of
the fishes, it was also observed that, the shelf life of the local fishes or formalin free fishes was
much higher and the organoleptic characteristics were much more excellent than the formalin
contaminated local or imported fishes. The price of the imported fishes was also lower than the
local fishes. It was also clear that, the organoleptic characteristics of the imported fishes and for-
malin contaminated fishes were greatly different than the local fishes, which were not satisfactory
to the consumers. The study also indicated that, the overall hygienic practice and sanitary condi-
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tions of the markets and the fish traders/retailers were very poor, not satisfactory. This survey
also revealed that, all the traders or retailers who were mixed formalin with the fishes, knew
about the bad effects of the formalin.
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1. Introduction

Bangladesh has a vast fisheries resource comprising of fresh, brackish and marine water. Those are inhabited by
296 fresh and brackish water species, 511 marine species, 14 exotic species of fish and 24 species of prawn [1].
It is claimed that the total fish production has increased significantly over the last few decades [1] but it is not
sufficient to meet the growing demand of the country [2]. So to meet the growing demand of the people, it is
reported that more than 80 MT of fish and fishery products enter into Bangladesh every day through the Teknaf
border from Myanmar [3].

Bangladesh is a developing country. About 90% of animal protein in our diet comes from fish and livestock
[4]. Fish and fishery products are the country’s third largest export commaodity contributing 5.10% of its ex-
change earnings. In 2002-2003 Bangladesh earned US $324 million of which shrimp alone contributed 72% of
the total by quantity and 89% by value [5].

By composition, fish contains fat free amino acids and water which is susceptible to spoilage by microorgan-
isms and biochemical reactions during post mortem process [6] [7]. Available reports suggest that formalin is
sometimes added or sprayed to the fishes by the fish traders while transporting to domestic marketing chain to
prevent spoilage and increase shelf life [2]. Study is conducted at different markets in Dhaka City [8] [9] and
Mymensingh Sadar [2] rationalizes the incidence of adding formaldehyde/formalin to fishes especially imported
from neighboring countries. It is not known whether some local fishes are also sprayed with formalin to prevent
their spoilage [3].

It is reported that, based on our preliminary study on the detection of formalin in fishes available in the do-
mestic market and those conducted by the Fish Inspection and Quality Control (FIQC) office of the Department
of Fisheries (DoF), the fish available in the domestic market is contaminated with formalin ranging from 0.5% -
1% [2]. It also investigated the effect of formalin on the quality of rohu fish Labeo rohita [10] where it was seen
formalin treatment significantly increased the shelf life of fish, but reduced protein solubility and eating quality
of the fish itself.

Formaldehyde is the simplest member of aldehyde family but a very reactive chemical, where the gaseous
form is known as formaldehyde and the liquid form as formalin [11]. Some studies suggest that large formalde-
hyde exposures, for example from drinking formaldehyde solutions, are potentially lethal [12]. Formaldehyde is
converted to formic acid in the body, leading to a rise in blood acidity, slow breathing, hypothermia, and coma
or death. People who have ingested formaldehyde require immediate medical attention. In the body, formalde-
hyde can cause proteins to irreversibly bind to DNA. Formaldehyde is listed as a probable human carcinogen. It
is, therefore, important to make a detailed survey on the use of formalin in commercially important fishes.

Ingestion of as little as 30 mL (1 oz.) of formalin has been reported to cause death in an adult human being.
Ingestion may cause corrosive injury to the gastrointestinal mucosa, with nausea, vomiting, pain, bleeding, and
perforation. Corrosive injuries are usually most pronounced in the pharyngeal mucosa, epiglottis and esophagus.
Systemic effects include metabolic acidosis, CNS depression and coma, respiratory distress, renal failure and
associated cancer and tumor development [12]. Use of formalin in food is banned in Bangladesh; however, for-
malin contamination is reported to occur in table fish marketed in the country [1] [2].

Ang and Hultin (1989) reported that increased formaldehyde formation caused insolubility of protein due to
denaturation. Ames and Poulter (1982) also reported the TMAO content in LF was high and DMA formed from
TMAO could be used as a freshness index. The reaction of formalin and fish causes textural toughness in fish
muscle due to the denaturation of proteins by formaldehyde.

Food safety has become an important issue and a widely talked word of modern age. It is a scientific discip-

(=)



R. Islam et al.

line describing handling, preparation, and storage of food in ways that prevent foodborne illness [13]. Many na-
tional and international agencies are working in collaboration to ensure food safety, and in most of the industria-
lized countries the issue of food safety, quality and environmental concerns are more important than the product
price and income changes [14]. However, the situation is far different in the developing countries, where food
and food ingredients gain access in the marketing channel which are possibly contaninated with different types
of hazardous chemicals including formalin, dyes, insecticides, banned antibiotics etc. [2] [15].

Recently, International Agency for Research on Cancer (IARC) has classified formaldehyde as a Group 1
carcinogenic to humans (2004). According to the United States Environmental Protection Agency (EPA), max-
imum daily dose reference (RfD) for formaldehyde is 0.2 pg/g body weight per day [16]. In 1985, Italian Minis-
try of Health has proposed formaldehyde values of 60 pg/g and 10 pg/g for Gadidae (family of marine fish) and
crustaceans (arthropods), respectively [17]. Nowadays available reports in the newspaper, the dishonest busi-
nessmen are using formalin in fish to keep freshness or shelf life for longer time without signs of spoilage [18].

In 2011, the National Toxicology Program, an interagency program of the Department of Health and Human
Services, named formaldehyde as a known human carcinogen in its 12th Report on Carcinogens [19]. Though it
is harmful and potential source of health hazard to human some fish traders are engaged in treating fish with
formalin [20]. It was observed in a study conducted in Dhaka City [9] that almost 5% shops of total consumable
fishes contain formalin treated fishes those are sold in fish markets. Use of formalin in food for human con-
sumption is also banned in Bangladesh [10]. Recently, International Agency for Research on Cancer (IARC,
2004) has classified formaldehyde as a Group 1 carcinogenic to humans. According to the United States Envi-
ronmental Protection Agency (EPA), maximum daily dose reference (RfD) for formaldehyde is 0.2 pg/g body
weight per day [11] [16]. Even those who spray or inject formalin over a long period of time will likely suffer
health complications such as blindness, asthma and even lung cancer [21]. Considerable information is available
on the shelf life of fish under various storage conditions by determining organoleptic and physical characteristics
[22] studied the combined effect of Initial microbial count, storage temperature and CO; flushing of the package
on shelf-life of fresh fish.

The pH of living fish, although generally between 6.7 and 7.0, is subjected to variation with time of year,
feeding, and degree of activity of the fish [23]. Almost all freshwater fish inhabit waters with a pH from 5.0 - 9.0,
with the majority of these inhabiting water with a slightly acidic to neutral pH (6 - 7.5) [24]. pH first decreases
with the onset of rigor but then progressively increases from microbial activity. For some fish, a pH value great-
er than 7.0 indicates spoilage [23]. The pH in fish tissues drops due to smoking (as preservative), generally to
6.5 or less. During the aerobic storage, specific spoilage bacteria should be around 108 to 10° cfu/g to produce
significant amount of chemical compounds associated with spoilage. These results are in agreement with putres-
cine and cadaverine forming bacteria in anchovies stored in ice [25]. For transportation of fresh fish, crushed ice
is mostly used for chill preservation, and there involves washing and sprinkling of freshwater on fish in the retail
market [26]. Washing fish before and/or processing or during chilled storage has positive effect on shelf life be-
cause washing takes away a proportion of the microorganisms on the outer surface of the fish, thus reducing the
number of bacteria capable of penetrating the muscle by diffusion [27]. The grading of fish using score on the
characteristics has been followed by Multilingual Guide to EC Freshness Grades for Fishery Products [28] to
judge the quality of the fish. [29] reported that bacterial cell division was inhibited in 20 to 50 pg/mL (equals to
2% - 5%) of formaldehyde. Since formalin is 37% formaldehyde in water, the concentration of 10 % used in the
present study was almost equal to that reported by [29] which inhibited bacterial cell growth.

Quality loss also occurs due to rough handling when the fishes are transported to market with ice by means of
trucks, carrier launches and rail way for short and long distance transport [26].

We want to show an overall picture of formalin treated or untreated, local or imported fish trading in different
market of Bangladesh.

2. Materials and Method
2.1. Fish Sample Collection

There are many fish markets are available in the Bangladesh. At first we selected six districts named—Dhaka,
Tangail, Mymensingh, Sherpur, Jamalpur and Manikgonj. As there were many fish markets in every district, so
three markets were selected for the fish sample collection from the each district. From each bazaar, at least three
samples of each type of fish are collected. As a result, nine fish samples were collected for each type of fish



R. Islam et al.

from each district. The fishes were collected from the both town market and the village market in every district,
except the Dhaka district. About twenty types of fishes and at least 150 fishes sample were collected from the
every district. Some ice freezing fishes and both local and imported fishes were collected on the basis of their
availability. The bazaar and fish samples were collected randomly. On the basis of the organoleptic characteris-
tics such as color, odour of neck where broken, odour of gills, general appearance eye, slime and the consistency
of the flesh were recognized between locally produced and imported ones of fishes. The fishes were immediate-
ly transported to the laboratory and subsequently tested for the formalin detection. Various fish sample e.g.
mrigal (Cirrhinus cirrhosus), rui (Labeo rohita), kal baoush (Labeo calbasu), katol (Catla catla), silver karp
(Hypophthalmichthys molitrix), boal (Wallago attu), elish (Tenualosa ilisha), telapia (Oreochromis mossambi-
cus), aaeer (Sperata aor), baeen (Mastacembelus armatus), chitol (Chitala chitala), foli (Notopterus notopterus),
koi (Anabas testudineus), sorputi (Puntius sarana), etc. were collected from selected wet markets.

2.2. Qualitative Detection of the Formalin

At first, the samples were washed with small quantity of water. Three drops washed-out water was taken in a
test-tube using a dropper. Formalin detection kit in food developed by Bangladesh Council of Scientific and In-
dustrial Research (BCSIR) was used in this experiment which is shown in Figure 1. The kit contains three solu-
tions (No. 1-3). Added 15 drops from solution No. 1 in the test-tube containing washed-out water. After well
stirring, the solution was allowed to wait for 30 seconds. Then 15 drops from solution No. 2 were added in the
same test-tube containing solution. After well stirring, the solution was also allowed to wait for 30 seconds. Af-
ter then 15 drops from solution No. 3 were added in the same test-tube containing solution. After adding No. 3
solution, if the color of the solution changes into pink or red color, the presence of formalin will be ensured. On
the other hand, if the color of the solution remains unchanged, there is no formalin in the sample.

3. Result and Discussion

Studies were conducted on the detection of the formalin in fish obtained from different wet markets in the six
district of Bangladesh and the results are presented in the Tables 1-7. It were found that in many 939 fishes
sample, 213 fishes were contaminated with formalin in which 14.66% in Tangail District (sample—150, forma-
lin contaminated—32), 36.78% in Dhaka District (sample—174, formalin contaminated—64), 26% in Mymen-
singh District (sample—156, formalin contaminated—41), 14.00% in Sherpur District (sample—150, formalin
contaminated—21), 13.33% in Jamalpur District (sample—150, formalin contaminated—20), and 22.00% in
Manikgonj District (sample—159, formalin contaminated—35).

It is found that, the fishes collected from the village markets were 0% formalin contaminated and all the for-
malin contaminated fishes are found in the town market. The local and small fishes are so less formalin conta-
minated, in the other hand, the big fishes are frequently contaminated. The study indicates that the formalin
contamination rate is so much higher in the big town area (Dhaka—36.78%, Mynmensingh—26.28%) and lower
in the small town area (Sherpur—14%, Jamalpur—13.33%). It has been shown that among the local fishes,
40.74% Mrigal (sample—54, contaminated—22), 38.89% Rui (sample—54, contaminated—21), 55.56% Katol

Figure 1. Formalin detection kit for fish developed by BCSIR.
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Table 1. Formalin detection in fish in Tangail District.

Name of the bazar Name of the fish Source No. of fish Formalin presence Percentage (%)
Mrigal Bil 09 Yes (06)
Karfu Pond 09 No
Rui River 09 Yes (04)
Brigad Pond 09 No
Kalbaoush Bil 09 No
Katol Pond 09 Yes (07)
1) Tangail Park Bazaar Silver karp Pond 09 No
Columbo River 09 No
Boal Bil 09 No
2) Charabari Bazaar, Sorputi Pond 09 No
Tangail ]
Baen River 09 No
Chitol River 09 No
3) Modhupur Bazaar, Elish Sea 09 No 14.66%
Tangail Telapia Pond 09 No
Boal Bil 09 No
Aaeer Imported 03 Yes (03)
Katol Imported 03 Yes (03)
Pabda Imported 03 Yes (03)
Rui Imported 03 Yes (03)
Gulsha Imported 03 Yes (03)
Table 2. Formalin detection in fish in Dhaka District.
Name of the bazar Name of the fish Source No. of fish Formalin presence Percentage (%0)
Mrigal Bil 09 Yes (06)
Karfu Pond 09 No
Rui River 09 Yes (07)
Brigad Pond 09 No
#)()V’\cr?'ﬁa"ﬂ“g;‘iggi Kalbaoush Bil 09 No
Katol Pond 09 Yes (09)
Silver karp Pond 09 No
Columbo River 09 No
Boal Bil 09 Yes (03)
2) Karwan Bazaar, Sorputi Pond 09 No
Dhaka Baen River 09 No
Chitol River 09 No
Elish Sea 09 No 36.78%
Telapia Pond 09 No
Boal Bil 09 No
2 Nawg:]r;irsalﬁazaar, Aaeer Imported 09 Yes (09)
Katol Imported 03 Yes (03)
Pabda Imported 09 Yes (09)
Rui Imported 09 Yes (09)
Gulsha Imported 09 Yes (09)
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Table 3. Formalin detection in fish in Mymensingh District.

Name of the bazar Name of the fish Source No. of fish Formalin presence Percentage (%)
Mrigal Bil 09 Yes (05)
Karfu Pond 09 No
Rui River 09 Yes (04)
Brigad Pond 09 No
1) Shankipara Bazaar Kalbaoush Bil 09 Yes (06)
Katol Pond 09 Yes (05)
Silver karp Pond 09 No
Columbo River 09 No
Boal Bil 09 No
2) Notun Bazaar Sorputi Pond 09 No
Baen River 09 No
Chitol River 09 No
Elish Sea 09 No 26.28%
Telapia Pond 09 No
Boal Bil 09 No
3) Maysua Bazaar Aaeer Imported 06 Yes (06)
Katol Imported 03 Yes (03)
Pabda Imported 03 Yes (03)
Rui Imported 06 Yes (06)
Gulsha Imported 03 Yes (03)

Table 4. Formalin detection in fish in Sherpur District.

Name of the bazar Name of the fish Source No. of fish Formalin presence Percentage (%0)
Mrigal Bil 09 Yes (03)
Karfu Pond 09 No
Rui River 09 No
Brigad Pond 09 No
1) Sherpur Shodor Kalbaoush Bil 09 No
Mas Hati Katol Pond 09 Yes (03)
Silver karp Pond 09 No
Columbo River 09 No
Boal Bil 09 No
2) Tinfini_Bagaar, Sorputi Pond 09 No
Jhinaigat Baen River 09 No
Chitol River 09 No
Elish Sea 09 No 14%
Telapia Pond 09 No
3) Noljura Bazaar, Boal Bil 09 No
Nalitabari
Aaeer Imported 03 Yes (03)
Katol Imported 03 Yes (03)
Pabda Imported 03 Yes (03)
Rui Imported 03 Yes (03)
Gulsha Imported 03 Yes (03)
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Table 5. Formalin detection in fish in Jamalpur District.

Name of the bazar Name of the fish Source No. of fish Formalin presence Percentage (%)
Mrigal Bil 09 No
Karfu Pond 09 No
Rui River 09 Yes (02)
Brigad Pond 09 No
Kalbaoush Bil 09 No
1) Jamalpur S_hodor Katol Pond 09 Yes (03)
Mas Hati Silver karp Pond 09 No
Columbo River 09 No
Boal Bil 09 No
2) Shorishabari Bazaar Sorput P?nd 0 No
Baen River 09 No
Chitol River 09 No
Elish Sea 09 No 13.33%
3) Jamalpur Kacha Telapia Pond 09 No
Bazaar Boal Bil 09 No
Aaeer Imported 03 Yes (03)
Katol Imported 03 Yes (03)
Pabda Imported 03 Yes (03)
Rui Imported 03 Yes (03)
Gulsha Imported 03 Yes (03)
Table 6. Formalin detection in fish in Manikgonj District.
Name of the bazar Name of the fish Source No. of fish Formalin presence Percentage (%0)
Mrigal Bil 09 Yes (02)
Karfu Pond 09 No
Rui River 09 Yes (04)
Brigad Pond 09 No
1) Mnikgonj Busstand Kalbaoush Bil 09 Yes (02)
Bazaar Katol Pond 09 Yes (03)
Silver karp Pond 09 No
Columbo River 09 No
Boal Bil 09 No
Sorputi Pond 09 No
2) Baira Bazaar Baen River 09 No
Chitol River 09 No
Elish Sea 09 No 2904
Telapia Pond 09 No
) Boal Bil 09 No
8) Mitora Bazaar Aaeer Imported 03 Yes (03)
Katol Imported 06 Yes (06)
Pabda Imported 06 Yes (06)
Rui Imported 06 Yes (06)
Gulsha Imported 03 Yes (03)
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Table 7. Determination of defect points between locally available fish and imported fish of the same species.

Defect characteristics
Defect  Overall

Slladl Odor Odor of Color of General Eve slime Consistency points grade
gill gill appearance Y of flesh
Rohu Natural Natural Slight Fugr?lﬁf_m; Burlgtlpu%mth Usually clear, Firm and 1 Excellent
(local) odour odour pinkish red 1gnt, P 9 transparent elastic
shining lens
Some Slight _
Rohu loss of moderateto  Brown or dulﬁﬁgsnslt:n d sanLIileI:'n Some 3 Acceptable
(imported)  natural strong sour grey color | £ bl loud ' softening P
odour odour oss of bloom cloudy
Catla Natural Natural Slight Fué)lr:);ggm; B::gtlfu%mgh Usually clear, Firm and 1 Excellent
(local) odour odour pinkish red shining lens transparent elastic
Catla Lossof Moderate  Bleached, Definite Sunken eye Not
. natural  to strong brown or dullness and covered with Softening 5
rted acceptable
(imported) odour  sour odour grey colour no bloom yellow slime P

(sample—54, contaminated—30), 14.81% kalbaush (sample—54, contaminated—38) and 5.56% boal (sample—
54, contaminated—3) were in average formalin contaminated in these six districts.

It is a matter of great concern that, all the (100%) imported fishes are formalin contaminated. Combindly in
these six districts, in average, 39.44% (total contaminated sample—213, local contaminated sample—=84) local
fishes and 60.56% (total contaminated sample—213, imported contaminated sample—129) imported fish were
formalin contaminated.

The survey result also revealed that there is a price different between the local and imported fishes is present.
In general, local fish and imported fish can be identified by their external appearance, color, size and other
morphological characteristics. The result suggested that consumers usually highly prefers local fishes instead of
those of imported fishes and the shelf life of the local fishes is much longer than those of imported fishes. The
survey also indicates that the overall hygienic and sanitary condition of the market is also very poor. It has also
founded in the Gazipur fish market [30].

Table 7 shows that the organoleptic quality of some commercially important local and imported fishes. The
scores obtain from the organoleptic assessment reveals that all the local fishes were organoleptically excellent
than the imported fishes. The overall quality of the imported fishes was not satisfactory to the consumers and
unacceptable [2].

The results indicate that formalin is added in imported fish somewhere in the marketing chain after coming to
Bangladesh. Several tests conducted by the Fish Inspection and Quality Control Services (FIQC) of Department
of Fisheries (DoF) in Bangladesh in fish immediately after landing in Teknaf port found no incidence of forma-
lin [1]. At the time of landing in Bangladesh, the fishes were found individually packed with polythene in iced
conditions. The importers sell these fishes to the different intermediaries. It is likely to assume that the fishes are
dipped into formalin solution for a while by some fish traders before transporting to the different retail markets
inside the country.

In 2011, the National Toxicology Program, an interagency program of the Department of Health and Human
Services, named formaldehyde as a known human carcinogen in its 12th Report on Carcinogens [19]. Though it
is harmful and potential source of health hazard to human, some fish traders are engaged in treating fish with
formalin. Distribution of formalin contaminated local and imported fish in different districts are presented in
Figures 2-5.

It was observed in a study conducted in Dhaka city [9] that almost 5% shops of total consumable fishes con-
tain formalin treated fishes in the fish markets. They found this intensity varies market to market and species to
species. They found that Rui fish was highly affected by formalin, whereas Karwan Bazar represented highest
number of formalin treated fish.

4. Conclusion

It is clear that day by day, the uses of the formalin are highly increasing. In 2014, the rate of the uses of formalin
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Formalin contaminated fishes in different
districts
m Contaminated with formalin = without contamination
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85.34% 73.72% 86.00% 86.67% 78.00%

63.22%
36.7 262
14.6 : 14.0 13.3 2.0
» C\a S S

S Ca
& X

Figure 2. Percent distribution of various types of formalin contaminated
fishes.

Tangail,
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Jamalpur,
13.33%
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Figure 3. Distribution of Formalin contaminated fish in different district.

Percentage of local and imported formalin
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M Local formalin contaminated fish
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Figure 4. Distribution of formalin contaminated local and imported fish in

different district.
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Formalin contaminated fishes

Local

Figure 5. Distribution of formalin contamination in local and imported fish.

in fish raised to double than it was in 2010-2011. As a result, the number of the cancerous diseases is remarka-
bly increasing day by day. It is assumed that formalin is added to the fish, especially those come from bordering
countries by the local fish traders to keep the fish fresh for a long time. But as it is a carcinogenic chemical and
has got the ability to produce serious health hazards like cancers of the lung, nasopharynx, oropharynx and nasal
passage to the population, regulatory bodies should take necessary steps to minimize and stop formalin treat-
ment of the fish. The current study involves a small number of samples to detect formalin in fish in local market
in different six districts. But it gives us a comprehensive picture to understand the extent and magnitude of the
scenario. Although it is necessary to conduct such type of study in whole value chain in different markets, this
study gives an idea of the extent of formalin contamination of fish in Bangladesh. The government and other
agencies need to take necessary steps to prevent such type of malevolent activates by the fish traders to safe
guard public health.
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