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APPLICATION OF HACCP PRINCIPLES IN BLOCK ICE AND CRUSHED ICE
MANUFACTURING
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THESISADVISORS: VISITH CHAVASIT, Ph.D.,
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ABSTRACT

Block ice production in Thailand began more than one century ago.
Contamination from various types of pathogenic bacteria has always been found in
crushed ice. This study aimed to develop practical preventive measures for reducing
microbial and chemical contaminations of block and crushed ice by applying hazard
analysis and critical control points (HACCP) principles. Information on production
and distribution processes were gathered from 8 ice-making plants located in
different provinces. Improper water disinfection and treatment systems were found
in most plants, while the block ice making processes were similar. Samples
including raw water, water used in the production, block ice, crushed ice and sacks
for ice packing were analyzed for aerobic plate count and total coliforms by using
plate count agar and Most Probable Number (MPN) method, respectively. Samples
of block ice were analyzed for chromium content by Flame Atomic Absorption
Spectrometry. Most samples were contaminated with aerobic bacteria and total
coliforms at various levels. Yellow-stained ice was contaminated with chromium
from anti-rusting agent at unacceptable level. Swab tests on floors, surfaces of
equipment and worker’s hand aso indicated contamination of total coliforms.
Effect of the freezing process (frozen within 48 h) on reducing microbial load was
minor. Potential hazards identified were chemical and microbial contaminations of
raw water, chromium contamination of block ice during production, and microbial
contamination in sacks. Appropriate water treatment systems should be used in
order to satisfy physical and chemical standards. The water should be disinfected
with chlorine at 0.5 ppm, which would totally destroy coliforms (<1.8 MPN/100ml).
To prevent chemical hazard, maintenance of ice making equipments, especialy ice
can, should be performed regularly. Floors used for block ice transportation should
be built with smooth, durable materials that are easy to clean and do not accumulate
dirt. The used area should be restricted. In contrast to current practice, used sacks
should be pre-washed with water before disinfection in at least 7 ppm chlorinated
water for at least 5 min. Drying methods to prevent bacterial contamination of ice
sacks were also tested. Sacks were tested under three drying conditions; without
drying, drying for 1 h and drying for 4 h and three storage conditions; o h, 12 h and
24 h. Under most circumstances, drying for 1and 4 h were the best while the length
of storage did not matter. Taken as a whole, the new sack cleaning method is
practical for ice manufacturing and improved the microbial quality of the sacks.

KEY WORDS: BLOCK ICE/ HACCP/ AEROBIC PLATE COUNT/ TOTAL COLIFORMS
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CHAPTER1I
INTRODUCTION

Crushed ice has been used for cooling drinks and foods in all parts of the
world for centuries. As compared to tube ice, crushed ice provides better sensory
acceptability and cold transfer due to smaller particle. Production cost of crushed ice
is also lower than tube ice. Crushed ice is therefore preferred for better sensory
characteristic and lower price. Since crushed ice is made by disintegrating block ice,
which is produced by using older technology in open area. Crushed ice is always
found to be contaminated and unacceptable in term of hygiene. Contamination can
occur in various production steps e.g. water source, poor machinery and improper
handling. Block ice can be contaminated with pathogenic microorganisms where
contaminated water source is used in its production or during handling.

Many studies of the Department of Medical Sciences, Ministry of Public
Health indicated that crushed ice samples in the market were contaminated with
Escherichia coli, Salmonella spp. Vibrio cholerae non Ol/non 0139 and
Staphylococcus aureus (1). Outbreaks of gastroenteritis due to contaminated ice have
been reported in the many provinces of Thailand and other parts of the world. E. coli,
coliforms and a variety of microorganisms normally present in ice indicating either
poor quality of source water used or a lack of hygiene in production or handling, or
both. Besides, crushed ice can be polluted by chemicals used in water treatment, ice
processing, and sanitizing of ice bag. Consumption of contaminated ice not only
causes health problems to consumers but also has impact on economics and country’s
reputation.

By law, factors involved in the production are controlled by General
Good Manufacturing Practices (GMP), which is mentioned in the notifications no. 193
B.E.2543 and no.239 B.E.2544 Re: Production Processes, Equipments and food
storages (APPENDIX ). By following the concept of General GMP, ice producers

might not be able to efficiently improve qualities of their products since the concept
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was designed for controlling various kinds of food products. In order to follow whole
GMP concept, producers might need to invest more on infrastructure, which might still
not guarantee for product safety.

At the present, HACCP program is used worldwide in many food
industries to ensure the safety of products. This program becomes more widely
adopted in Thai food industry but has not been implemented in the manufacturing of
block and crushed ice though these products are also needed to be sure of its
quality and safety. It was believed that if a specific GMP which was a combination of
GMP and HACCP concepts was introduced to the crushed ice manufacturing, such

problems could be reduced systematically.
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CHAPTER 11
OBJECTIVES

General Objectives:
To develop practical preventive measures for reducing contaminations in the

block ice and crushed ice manufacturing by applying HACCP principles.

Specific objectives:

1. To study production processes of block and crushed ices

2. To analyze the physical, chemical, and microbial hazards at each step of block
and crushed ice production

3. To develop preventive measures in order to ensure the safety of ice

4. To evaluate on practicality of the developed measures
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CHAPTER III
LITERATURE REVIEW

3.1 Definition of block and crushed ice
3.1.1Ice (2)
Ice is water that passed the freezing process which can be divided into two

types depending on the manufacturing process which are block ice and tube ice.

3.1.2 Block ice (2)
Block ice is made by freezing in brine tank and is generally 117x227x60 sized
and 150-kilogram weigh. Block ice can be classified into two types:

1.1 Edible ice: The used water for ice must meet the standard according to
Notification of the Ministry of Public Health Re: Drinking Water in Sealed
Container No.61 B.E.2521 and No.135 B.E.2536. The ice is normally clear
by using the air blower in the blocking process.

1.2 Non-edible ice: The ice in this type is generally used for refrigerating
seafood or fishery products. The manufacturing process is similar to the

consumable ice making but the air blower is not employed.

3.1.3 Crushed ice
Crushed ice is the ice that crushed from block ice by the ice crushing machine.

Crushed ice is normally used for refrigerating foods and cooling drinks.

3.2. Block and crushed ice production
3.2.1 Water Source
Major source of water for ice manufacturing are surface water,
groundwater and municipal tap water. Surface water includes fresh water available in

natural lakes, rivers and streams. Groundwater includes water obtained from wells,
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springs, and infiltration galleries. The quality of water varies considerably and is, in

most cases, dependent upon area in which it is found.

3.2.1.1 Surface water

Surface water can be defined as the water open to the atmosphere such
as streams, rivers, lakes, ponds, and reservoirs (3). The amount and characteristic of
constituents in surface water derive from many different sources. Surface water may
contain silts and suspended sediments, dissolved organic matter from topsoil, bacteria
disease germs from sewage, chemical impurities from industrial wastes and fertilizers
and toxic materials from agricultural uses (4,5).

The extent to which faecal bacteria, viruses, and parasites are removed
by properly designed and operated equipment for flocculation, coagulation,
sedimentation, and rapid filtration is equivalent to that achieved by slow sand filtration.

Additional treatment, such as ozonation, will have a considerable
disinfecting action besides converting part of the total organic carbon into a
biodegradable form. If it is followed by activated carbon treatment or the biological
filtration stage, some of the biodegradable organic carbon will be removed by
microbial activity, thus reducing the potential for aftergrowth of nuisance bacteria in

distribution networks (6).

3.2.1.2 Groundwater

Groundwater can be defines as waters such as spring water, artesian
water and well water originating from subsurface aquifers (3). In general,
groundwater has always been considered to be a high quality source of water for
potable, agricultural and industrial uses (7). However, groundwater supplies are used
only by smaller communities because the limited quantity that can be obtained from an
aquifier (8).

Groundwater extracted from well protected aquifers is usually free
from pathogenic microorganisms, and the distribution of such groundwater without
treatment is common practice in many countries. However, the catchment area must
be protected by effective regulatory measures and the distribution system adequately

protected against secondary contamination of the drinking-water. If the water, in its
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passage from source to consumer, cannot be protected at all times, disinfection and the

maintenance of adequate chlorine residuals are imperative (6).

3.2.1.3 Tap water

Tap water is part of indoor plumbing, which became available in the
late 19th century and common in the mid-20th century. The provision of tap water
requires a massive infrastructure of piping, pumps, and water purification works. Tap
water may contain various types of natural but relatively harmless contaminants such
as scaling agents like calcium carbonate in hard water and metal ions such as

magnesium and iron, and odoriferous gases such as hydrogen sulfide.

3.2.2 Water treatment

Water treatment process in ice plants depends on the quality of the raw
water source. The good quality of treated water used is needed to produce ice
products. The principle objective of water treatment is to make the quality of water
meet the drinking water standard described in the Notification of the Ministry of
Public Health No.78 B.E.2527 because there has been no specific regulation for ice
manufacturing up to now. A range of unit process that usually used in series of water
treatment was shown in table 1.

The fundamental purpose of water treatment is to protect the consumer
from pathogens and from impurities in the water that may be injurious to human health
or aesthetically unpleasant. ~Where appropriate, treatment should also remove
impurities which, although not harmful to human health, may make the water
unappealing, damage pipes, plant or other items with which the water may come into
contact, or render operation more difficult or costly (6). These purposes are achieved,
by introducing successive barriers, such as coagulation, sedimentation, filtration and
advanced treatments, to remove pathogens and impurities. The final barrier is often
disinfection (6).

For block and crushed ice manufacturing, the water treatment steps that
mostly used are coagulation, flocculation, sedimentation, filtration, and reverse
osmosis. Moreover, Using chlorine and ultraviolet radiation are normally found in the

disinfection steps.
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3.2.2.1 Water storage (6)

The storage of water in reservoirs creates favorable conditions for the
self-purification of the stored water, but may also cause undesirable changes in water
quality. The benefits of storage include the provision of a continuous supply of water,
reduction in turbidity, reduction in pathogens through the action of sun-light and
sedimentation, dilution of undesirable substances that may accidentally enter the
intake, and oxidation of impurities. It also provides a buffer should pollution occur in
the river. Undesirable conditions created by birds and animals, evaporation, and the
leaching of iron and manganese from soils and rocks.

Reservoirs should either be constructed in series or designed to prevent
short-circuiting, since this will enhance removal of pathogens and self-purification.
The benefits of reservoir storage are greatest in the summer and when residence

periods are about 3-4 weeks.

3.2.2.2 Prechlorination (6)

Prechlorination to breakpoint has been widely used as an alternative to
storage for water derived from lowland rivers and is also used when stored water
contains much placktonic life. Its purpose is to reduce counts of faecal bacteria and
pathogens, destroy animal life and algae, and oxidize ammonical nitrogen, iron, and
manganese, thereby assisting in their removal. The combines and free chlorine which
remains effectively discourages microbial activities, such as protozoal predation and
nitrification, as well as microbial growth during subsequent filtration. When used to
disinfect raw water, the oxidative effect of chlorine and even more ozone will result in

the partial conversion of total organic carbon into biodegradable organic carbon.

3.2.2.3 Coagulation and flocculation
Coagulation involves the addition of coagulants to the water at a
specific concentration about 30-100 ppm to neutralize the charges on particles by a
reaction of the coagulant with alkalinity in the water to produce an insoluble metal
hydroxide precipitate which enmeshes the colloid particles (9).
Flocculation is the second stage of the formation of settleable particles

from destabilized colloidal particles. It is obtained by gentle and prolonged mixing.
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During this mixing, the particles will aggregate into larger particles that enough to
settle rapidly and may be removed from suspension by filtration (10, 11). Detention
time of 30-60 minutes is generally adequate to produce a floc that will settle within a

reasonable time (12).

3.2.2.4 Sedimentation
The purpose of sedimentation is to permit settable floc to be deposited
and thus reduce the concentration of suspended solids that must be removed by filters
(13). The factors that influence sedimentation include the size, shape, and weight of
the floc, viscosity and hence the temperature of the water, the detention time, the
number, depth, and areas of the basins, the surface overflow rate, the velocity of the

flow,and the inlet and outlet design (6).

These processes (coagulation, flocculation, and sedimentation) can bring about

major reductions in turbidity and in counts of protozoa, bacteria, and viruses (14).

3.2.2.5 Filtration

After clarification, the water only contains fine solids and soluble
material. Filtration is required to remove this residual material. There are two types
of filter used in water treatment i.e. rapid and slow sand filters. Rapid sand filter
medium are silica sand, crushed anthracite coal, granular activated carbon, and garnet
or limonite (10, 12, 15).

Typically, rapid sand filters consist of 0.4-1.2 m of sand, usually of an
effective size of 0.5-1.0 mm, supported by gravel and underdrains. In recent years,
single-medium filters have often been replaced by dual-medium or multimedia ones.
During filtration, residual particles of floc not removed by sedimentation are trapped
in the interstices of the bed, and may induce further flocculation of particles. A
limited amount of biological activity may also occur, if it is not suppressed by
prechlorination or by high flow rates. Both sand and mixed media filters are normally
cleaned by reversal of flow through the bed (backwashing). Backwash water is either

discharged to the sewer or drying beds or recycled after removal of sludge.
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The performance of rapid filters in removing microorganisms and
turbidity varies over the duration of the run between backwashing. Immediately after
backwashing, performance is poor, until the bed has compacted. In some plants, water

is filtered and diverted for recycling for 15-30 min at the start of each filter run.

Table 1 Main water treatment unit process (9)

Treatment Category Unit process

Intake

Pre-treatment Coarse screening
Pumping
Storage

Fine screening
Equalization
Neutralization

Aeration

Primary treatment Chemical pre-treatment
Coagulation

Flocculation
Sedimentation

Secondary treatment Rapid sand filtration

Slow sand filtration
Disinfection Chlorination

Ozone process

Use of ultraviolet radiation
Advance treatment Iron and Manganese removal
Softening

Ion-exchange

Adsorption

Chemical oxidation

3.2.2.6 Reversed Osmosis
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Reverse Osmosis is the most common process for reducing the salinity
of brackish groundwater. It is a process which uses a membrane under pressure to
separate relatively pure water (or other solvent) from a less pure solution. When two
aqueous solutions of different concentrations are separated by a semi-permeable
membrane, water passes through the membrane in the direction of the more
concentrated solution as a result of osmotic pressure.

Water molecules can form hydrogen bonds in the Reverse Osmosis
membrane and fit into the membrane matrix. The water molecules that enter the
membrane by hydrogen bonding can be pushed through under pressure. Most organic
substances with a molecular weight over 100 are sieved out, i.e., oils, pyrogens and

particulates including bacteria and viruses (16).

3.2.2.7 Disinfection

Disinfection is considered to be the primary mechanism for the
inactivation/ destruction of pathogenic organisms to prevent the spread of waterborne
diseases. It is important that water be adequately treated prior to effective disinfection
(17).  Although the above processes can efficiently remove microorganisms, the
finished water may still contain pathogens which need to be removed or destroyed.
However, in practice it is impossible to sterilize water. So, the water is disinfected
rather than sterilized by disinfection methods such as chlorination, ozonation, or
ultraviolet radiation to ensure the safe level of pathogens (10). There are several
methods of treatment of water to kill living organisms, particularly pathogenic
bacteria; the application of chlorine or chlorine compounds is the most common. Less

frequently used methods include the use of ultraviolet light, ozone, or silver ions.

a. Chlorination

Among various types of disinfectants, chlorine is the most widely used
because it is easy to handle, relatively inexpensive, and leaves residual in water that
continues to destroy pathogens after water travels through distribution system. Several
chlorine-containing compounds such as chlorine dioxide, sodium hypochlorite and

calcium hypochlorite are available for disinfection (10, 18).
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Since chlorine is a strong oxidizing agent, it can react with inorganic
reducing substances and convert to inert or less active forms. The quantity of the
chlorine used is referred to as chlorine demand. For chlorination, chlorine is added
continuously into water to the point or dosage of breakpoint chlorination whereby all
of the chlorine demand had been satisfied and all of the ammonia had been oxidized,

which leave a free residual of chlorine for disinfection (19, 21).

b. Ultraviolet radiation

An Ultraviolet (UV) disinfection system transfers electromagnetic
energy from a mercury arc lamp to an organism's genetic material (DNA and RNA).
When UV radiation penetrates the cell wall of an organism, it destroys the cell's ability
to reproduce. UV radiation, generated by an electrical discharge through mercury
vapor, penetrates the genetic material of microorganisms and retards their ability to
reproduce.  The effectiveness of a UV disinfection system depends on the
characteristics of the water, the intensity of UV radiation, the amount of time the

microorganisms are exposed to the radiation, and the reactor configuration (17).

3.2.3 Processing of block and crushed ice
Overall, after water passes through water treatment units, treated water
will be added into ice cans and frozen to make block ice. The block ice will be cut

into small pieces and ground. The final ice product is called crushed ice.

3.2.3.1 Equipment for block ice manufacturing (21):

Block ice is the ice that passed the freezing steps within the ice cans by
heat exchange between the refrigerant in the brine tank and the water in cans. The ice
blocking apparatus are consisted of 3 main parts:

1) Ice making unit

1.1 Brine tank

1.2 Ice can

1.3 Can lifting frame
1.4 Agitator

1.5 Tank insulation
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2)

3)

3.2.3.2 Block ice manufacturing (21)

1.6 Tank cover

1.7 Aeration system
Transferring

2.1 Overhead traveling crane
2.2 Thawing tank

2.3 Can filling tank
Cooling system

3.1 Compressor

3.2 Accumulator

3.3 Evaporator coil
3.4 Condenser

3.5 Receiver

3.6 Cooling tower

3.7 Valve

3.8 Control equipment

Literature Review / 12

After water treatment process, treated water is pumped into ice can and

frozen in the brine tank. As cold brine is circulated in the tank, ice is gradually formed

in the can. After 24-48 hours, ice will be removed from the can. At this step, the ice is

called block ice.

3.2.3.3 Ice crushing and distribution

After removing ice from ice cans, block ice is transferred manually to

the transporting platform. Then it is cut by the ice cutter and crushed by the ice

crusher. Normally, crushed ice is collected and kept in ice containers such as sacks or

other insulated plastic buckets. In some plants, the bulk of crushed ice is transported

to retailed business by vehicles of the manufacturers themselves. Some, the bulk is

sold to the wholesalers and transported by their own vehicles to the retailers.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Food and Nutrition for Development) / 13

3.3 Quality Assurance

Several quality food systems have been implemented to ensure the safety of the
products such as quality control, quality assurance, good manufacturing practice, and
hazard analysis and critical control point. The term Quality Control (QC) is used to
encompass all those controllable factors that determined the quality of the product up
to the point when it arrived in the hands of the consumers (22). It includes the
organization, carrying out and documentation of sampling and testing for compliance
with specifications, examination of process control data, and the provision of rapid
information ad advice leading to corrective action when necessary. Later, the term
Quality Assurance (QA) became so popular that it virtually superseded QC in the
jargon of most companies. The aim of QA is to ensure that a product as closely as

possible and consistently to that standard at all times (23).

3.3.1 Good Manufacturing Practice (24)

Good manufacturing practice or GMP is considered as a part of a food and
drink control operation aimed to ensuring that products are consistently manufactured
to a quality appropriate to their intended use. It is thus concerned with both
manufacturing operation and quality control/quality assurance system. Both these
components must be well designed and effectively implemented.

GMP is that part of an integrated food control operation. It is made up of two
complementary components that interact with each other, the manufacturing operation
itself, and the system/procedures that control it. According to the Codex Alimentarius
guidelines, depending on the nature of the operations and the risks associated with
them, premises, equipment and facilities should be located, designed and constructed
to ensure minimal contamination, appropriate maintenance, cleaning, and disinfection
and to minimize air-borne contamination. Surfaces and materials, in particular those
in contact with food, are to be nontoxic in intended use and, where necessary, suitably
durable and easy to maintain and clean. Suitable facilities must be available for
temperature control. Humidity and other controls are needed and effective protection
against pest access and harborage. A well established GMP will also include control

procedures with adequate laboratory facilities, qualified quality control.
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In Thailand, Office of Food and Drug Administration, Ministry of Public
Health is the institute where responsible for GMP regulations. In early period, they
promoted these regulations to food manufacturers by volunteering. Later, in July 2004,
the Office of Food and Drug Administration, Ministry of Public Health has
promulgated the Notification No.193 B.E.2543 and No.239 B.E.2544 Re: Production
Processes, Production Equipments and Food Storages for enforcing 54 types of food
products, including ice, to follow the GMP regulations (25, APPENDIX A).

GMP requirement in Thai-GMP Law consists of 6 requirements which are:

1.  Location and manufacturing buildings; i.e. environmental management

both internal and external of the plant area.

2.  Tools, machineries and production equipments; i.e. design and

arrangement of equipments

3. Control of production process; i.e. controlling of raw material, processing

procedure, recording and reporting

4.  Sanitation (Sanitary facilities); i.e. available toilets, hand washing basins

and other sanitary facilities.

5. Cleaning and maintenances; i.e. management of processing area,

machines and production equipments, both before and after production

6.  Personnel and hygiene workers; 1.e. good hygiene of people who work in

the processing area and people who is not relevant to production that

enters the area.

3.3.2 Hazard Analysis and Critical Control Point

HACCP is an acronym used to describe the Hazard Analysis and Critical
Control Point system. The HACCP concept is a systematic approach to food safety
management based on recognized principles which aim to identify the hazards that are
likely to occur at any stage in the food supply chain and put into place controls that
will prevent them from happening. This ensures that food safety is managed
effectively and reduces reliance on the traditional methods of inspection and testing
(26).

The HACCP concept is a systematic approach to the identification and

assessment of the risk of biological, chemical, and physical hazards from a particular
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food production process or practice and the control of those hazards. HACCP is a
preventive strategy for food safety. Under it, the food producer develops a plan that
anticipates and identifies the points in the production process where a failure would
likely result in a food hazard being created or allowed to persist. These points are
referred to as critical control points (CCP’s). Under HACCP, identified CCP’s are
systematically monitored to ensure that critical limits (CL’s) are not exceeded, and
records are kept of that monitoring, Corrective actions are taken when control of a
CCP is lost, including proper disposition of the food produced during that period, and
these actions are documented. The effectiveness of HACCP is also systematically

verified by the processor (24).

3.3.2.1 Hazard Analysis (26)

Hazard analysis is the part of HACCP study where the team looks at
each step of the process, identifies the hazards likely to be present, evaluates their
significance and ensures that adequate measures for their control are in place.

a. Biological hazards

These occur in the form of pathogenic micro-organisms and they
present the biggest danger to consumers in many product groups. Pathogenic micro-
organisms exert their effect either directly through growing in or contaminating food
products and being ingested, or indirectly by forming toxins.

b. Chemical hazards

Chemical contamination of foodstuffs can occur via the ingredients, at
the time of their production or during distribution/ storage and the effect on the
consumer can be long term, short term or teratogenic.

c. Physical hazards

These are foreign bodies or matter that can contaminate a foodstuff at
anytime during production. They are only significant safety hazards if they are likely
to cause injury or a health risk to the consumer; otherwise they should be considered
in terms of quality, wholesomeness or legality and manage through hygiene and

quality prerequisite control programmes.
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3.4 GMP in block ice and crushed ice manufacturing

The covered GMP requirements to be implemented in block ice and crushed
ice manufacturing according to the Notification No.193 B.E.2543 included Building
interior, program equipment, practice in sanitation and cleaning program, personal

practices, and personal training.

3.4.1 Building interior (27)
3.4.1.1 Glass
Glass or glass-like materials such as breakable plastic in food plants
can be sources of physical hazards and should not be used in processing areas where
there is a likelihood of breakage that will result in contamination of product. If these
materials must be used, they must be adequately protected from breakage. Overhead
light bulbs should be protected from breakage.
3.4.1.2 Floor
The surface of the floors, especially the block ice transferring area,
should be even with the appropriate slope for water to be drained at the designated
outlets. Floor surfaces should be impervious, durable and free of cracks to facilitate
cleaning. For the floor of old-style ice plant which was made of wood, the cleaning

program must be addressed appropriately to prevent the microbial accumulation.

3.4.2 Program equipment (27)

The ice-contact surfaces of equipment should be made of nontoxic material
and should not be corroded or damaged in any way of during normal operations, or
when in contact with cleaning materials. The seams on food contact surfaces should
be smooth so as to prevent accumulation of product and to facilitate cleaning and

sanitizing.

3.4.3 Sanitation and cleaning program (27)
3.4.3.1 Equipment
For block ice plant, the equipments used are open-system so all of them

can be clean handily. For utensils and ice contact services, ice tongs, axes, all
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containers and all ice contact surfaces should be cleaned and sanitized as it becomes
necessary.
3.4.3.2 Cleaning and sanitizing personnel

Persons who are assigned cleaning and sanitizing tasks should be
trained in the safe use of the cleaning and sanitizing chemicals, such as sodium
hypochlorite or calcium chlorite, and their proper handling, identification and storage.
They should be provided with the directions for use, including the appropriate usage
concentration or dilution for ice-contact surfaces, and instructions for removal of
residue of these chemicals from these surfaces. The effectiveness of the cleaning and
sanitizing activities for removal of contamination should be verified. This should be
done by microbiological swab tests, by visual inspection if cleaned equipment and

areas, and by observing employees who carry out the cleaning and sanitizing activities.

3.4.4 Personal practices (27)
3.4.4.1 Personal hygiene
In order to protect against contamination of products, ice plant
employees are required to maintain satisfactory personal grooming and cleanliness and
to practice good personal hygiene habits during all food handling operations. This
includes general cleanliness of clothing and body, including hair and fingernails.
Employees should refrain from placing fingers in mouth, nose or ears, and from eating,
chewing, spitting, and smoking during food handling operations, and avoid coughing
and sneezing over unprotected products, food-contact surfaces, or food processing
equipment. For garments or work-wear, employee should wear the uniforms or outer
garments provided for their works. Uniforms should be clean at the start of work and
changed when they become dirty. The glove are required to be worn during work, they
should always clean and sanitary, and should be changed if they become torn.
Personal items: Employees should refrain from keeping in their possession any
personal items which could be a potential source of contamination.
3.4.4.2 Hand-washing
In order to protect hands from being a source of contamination, ice
plant employees should wash, sanitize if necessary, and dry their hands at the

designated hand-washing stations when their hands become dirty. Employees should
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wash their hands before start of work, when re-entering their work area, after a visit to
the toilet, after coughing and sneezing into their hands, or after any other situation that
will cause the hands to become dirty and be a source of contamination or cross-
contamination.
3.4.4.3 Visitors and noncompany personnel

The access of visitors and noncompany personnel to an ice plant should
be controlled to avoid potential source of contamination. This control should apply to
family members of employees, noncompany personnel working on the premises,
suppliers, customers, government inspectors, auditors and individuals from
educational and other institutions on organized visits and plant tours. These
individuals should be required to follow the same personal practices of the regular

employees of an ice plant.

3.4.5 Personal training (27)
3.4.5.1 Food Safety Training:

All food plant employees, including temporary employees, should be
trained in the basic food safety principles and practices that are required to prevent
contamination and cross-contamination of foods. This training should cover hygienic
food handling practices, personal hygiene requirements, and the dangers associated
with poor personal hygiene and unsanitary personnel practices in a food plant. In
addition, personnel who have the responsibility to monitor the adequacy of food safety
practices of food plants should have the necessary training and experience to recognize
and identify food hazards and situations that have the potential to lead to
contamination or cross-contamination of foods. This includes the training if
supervisory personnel to recognize injuries or infectious illnesses among plant
employees. The food safety training needs of employees in food plants should be
reviewed periodically, and if necessary, additional training is provided to employees,
there should be an evaluation to determine that the training is understood and could be
put into practice by the employees.

3.4.5.2 Technical training
Employees, whose tasks involve operation, maintenance, cleaning of

ice processing equipment, and sanitation and cleaning activities, should be provided
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with the relevant technical training that is required to carry out their specific tasks so
that all food safety requirements are met. The technical training needs of employees
should be reviewed periodically, and if necessary, additional or refresher technical
training should be provided. Technical training should also include on-the-job training
and evaluation to ensure that employees understand the training and perform their

tasks based on the training.

3.5 Hazards in block and crushed ice manufacturing (25)

Ice can be contaminated from environment in most steps of manufacturing
process. Manufacturer must consider in safety of ice and produce ice safety without
any hazards. Physical hazards found in the ice can be broken pieces of glass from
light, woods from the ice can lid, platform, and transporting area. Chemical hazards
include pesticide residue, lubricant, grease, motor oil, ammonia and anti-rusting agent.
Microbial hazard, which is noticeably the most effective, is contamination from

Escherichia coli, Clostridium perfringen, Bacillus cereus, and Staphylococcus aureus.

3.5.1 Hazards from microbial contamination

As reported from many surveys, coliforms and pathogens such as Escherichia
coli, Staphylococcus aureus, Clostridium perfringens, Salmonella spp. and Vibrio
cholerae were found in crushed ice samples. Microbial contamination are associated
with both quality and safety properties. Natural water contains not only their natural
flora but also microorganism from soil, animal and/or sewage (21). Microbiological
parameters are indicators of potential water-borne diseases and, in general, are limited
to bacteria, viruses, and pathogenic protozoa. Water contaminated with human feces
of carriers or patients may introduce a variety of intestinal pathogens which may cause
diseases varying in severity from mild gastroenteritis to severe and sometimes fatality

(28).

a. Indicator organisms of fecal pollution
For fecal pollution, Coliform organisms or total coliforms, the most
widely indicator, have long been recognized as a suitable microbial indicator of

drinking water quality, largely because these organism organisms are easy to detect
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and enumerate in water. They include Escherichia coli, Citrobacter, Enterobacter,
and Klebsiella species. Coliform bacteria should not be detected in treated water (32).

Two basic methods are used for the detection of coliform organisms in water:
the multiple-tube fermentation technique and the membrane-filter technique. The
definition of coliform group when operating with the fermentation technique is all
facultative anaerobic, gram-negative, non-spore forming, rod-shaped bacteria that
ferment lactose with gas and acid formation within 48 h at 35°C. The result is
reported in terms of the Most Probable Number (MPN) of organisms present. When
the membrane-filter technique is used, the coliform group is defined as many
facultative anaerobic, gram-negative, non-spore forming, rod-shaped bacteria that
develop red colonies with a metallic (golden) sheen within 24 h at 35°C on an endo-
type medium containing lactose (30). However, coliform organisms do not appear to

be a good indicator for viruses and protozoa (10, 31).

b. Indicator organisms of water quality

Colony counts and microorganisms have been used to assess the hygienic
quality of drinking water. However, there are not essential for the routine monitoring
of hygienic quality. They are of value in certain circumstances in giving an indication
of the general cleanliness of the distribution system and in assessing the quality of
bottled water (29).

Colony counts or total plate counts may be used to assess the general bacterial
content of water. They represent the microorganisms that are able to form visible
colonies in nutrient media under specified culture conditions. The high variation of
bacterial concentration from 100-600 colonies per ml is still classified as potable when
total coliforms were negative. So the test of colony counts has been suggested to use

in conjunction with the total coliforms test (31).

3.5.2 Hazard from Chemical contamination

In food processing operations, some chemical compounds that are not
permitted substances in food are used during certain operations and care must be taken
to prevent unintentional contamination.  These substances include chemical

compounds used for cleaning and sanitizing food contact surfaces of processing,
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handling, and storage equipment, and for lubricating certain part of food processing
equipment. (32)

According to the information from the block ice machine supplier, the anti-
rusting agent, sodium dichromate dihydrate, is generally added into the brine tank in
order to protect the ice can from erosion.

Normally, chromium and its salts are used in the leather tanning industry, the
manufacture of catalysts, pigments and paints, fungicides, the ceramic and glass
industry, and in photography, and for chrome alloy and chromium metal production,
chrome plating, and corrosion control (6).

As cited in Material Safety Data Sheet, sodium dichromate dihydrate or
sodium bichromate dihydrate (Na,Cr,0; 2H,0) is reddish to bright orange crystals and
very soluble. Sodium dichromate dihydrate, itself, is toxic to human including
carcinogenicity, reproductive and developmental toxicity, neurotoxicity and acute
toxicity (32).

Moreover, dichromate (Cr2072') is one form of the Chromium (VI). From the
biological point of view, hexavalent chromium itself is of particular importance
because of its toxicity due to its oxidizing properties. Intakes of 1-2 grams/day can
cause kidney and liver necrosis (33). For its carcinogenicity, the International Agency
for Research on Cancer (IARC) has classified chromium (VI) in Group 1 which means
carcinogenic to humans (6).

The allowable of dichromate or chromium (VI) content of Thai regulation has
not been established. However, the allowable total chromium content in water used in
ice manufacturing, according to the notification No.78 by the Thailand’s Ministry of

Health, is 0.05 mg/l (APPENDIX A).

3.6 Related research about ice quality

The study of bacteriological quality of ice factories, distributing agent and
retail shop by Areeraj W. (34) showed that the quality of heterotroph and fecal
streptococcus in retail shops were more than in the distributing agents, the quality of
fecal coliforms and Staphylococcus aureus were not different in both places. The
study also showed that the quality of ice samples from the factories have higher

bacteriological quality than those from the distributing agents and retail shops. The
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bacterial contamination of ice occurred through the unsanitary transportation
procedures including the unsanitary handling and storing ice in the container with
other foods before consumption.

Malasao S. et al. (35) reported that 9 surveyed samples in Bangkok were failed
to meet the microbiological requirements. It was explained that 9 crushed ice samples
were contaminated by Escherichia coli and Staphylococcus aureus.

Bangtrakulnont A. (1) studied the microbiological quality of ice for
refrigerating foods in Dusit and Pra-nakorn provinces in Bangkok. The results showed
that 21% of samples were contaminated by E. coli. Moreover, pathogenic bacteria
such as Salmonella spp. (13%) Vibrio cholerae non Ol/non 0139 (11%) and
Staphylococcus aureus (23%) were found in ice samples.

Nongharnpitak P. (36) studied the quality of cube ice in plastic baggage at
Khon Kaen Municipality in Thailand. The 36 samples were analyzed in three
dimension; physical chemical and biological characteristic. It was found that physical
characteristic of cube ice had met the standard in terms of turbidity and pH from
83.33% of samples. Also chemical characteristic in the cube ice such as total solids,
iron, chloride, fluoride, nitrate, and total hardness of all the samples had met
the standard requirement. However, it was found that 91.67% of cube ice samples had
not met the microbial quality standard of standard plate count. Moreover, of all
samples had not passed the total coliform bacteria and fecal coliform bacteria
requirements.

Silawan S et al. (27) reported the inspection of coliform bacteria contamination
in drinking water plants and ice plants in Nakhon Ratchasima, Chaiyaphum, Buri Rum
and Surin. 32 randomly sampled plants from 82 overall drinking water plants and ice
plants, which were 21 drinking water plants and 11 ice plants, were analyzed. The
study included collecting samples, interviewing, and observation of workers’ practice.
The results showed a high level of coliform bacteria contamination in every
production step. The causes of contamination included improper use of chlorine, no
checking of residual chlorine in treated water, the storage tank of treated water was not
covered and inappropriate practice of workers.

In 2004, 51 samples of both crushed and tube ice were collected from slums in

Bangkaen district, Bangkok by the Ministry of Public Health. It was found that 50
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samples (98%) contaminated with coliform bacteria (37). Later, crushed ice samples
obtained from market retailers in Bangkok metropolitan were analyzed by the national
food institute (36). It was found that all samples were failed to meet the
microbiological requirements for ice because they contained Escherichia coli and
coliforms.

Wilson et al. (37) studied the Microbiological quality of ice in hospital and
community in Ireland. The survey was undertaken in response to a report of a clinical
infection which had been related to an ice-making machine on a hospital ward. A
detailed study of the ice microflora of 27 ice-making machines was performed. In a
subsequent survey, ice samples (N = 194) from establishments such as bars and hotels
were examined for bacterial indicators of hygiene. Samples from hospital ice-making
machines yielded low numbers of a wide range of potentially opportunistic micro-
organisms, many of environmental rather than clinical origin. For ice sampled in the
community, the total aerobic plate count (TAPC) at 37 degrees C for 95% of the
samples was < 500 cfu/ml, and at 22 degrees C 75% had < 500 cfu/ml. Examination
for coliforms showed that 69% of samples contained no coliforms, but 20% contained
> 100 coliforms/100 ml. Escherichia coli were detected in three samples but in very
low numbers. This report investigates the relevance of ice machines to the control of
hospital infection, the hygiene of ice in the community, discusses the microbiological
quality of ice and proposes possible guidelines.

In 2002, the survey of Microbiological quality of Ice for Cooling Drinks was
carried out in Ireland by 1% Quarter National Microbiological Survey (38). The
samples were 97% ice from ice machine, any premises serving drinks cooled by the
addition of ice. It was found that Escherichia coli and coliforms were absent in 95%
and 70.5% of all samples respectively. And the type of storage had a significant effect
on the microbiological results. It was recommended that manufacturer’ instructions
relating to the maintenance, storage, cleaning and situation of ice machines should be
followed. Ice machine manufacturers should assess the results of this survey and
prepare guidance on best practice. Moreover, where possible, ice should be stored in
the storage bin of the ice machine. If ice buckets are used, they should be maintained

in a hygienic condition and melt-water should not be present. Also, all staff should
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have basic training in food hygiene and safety. And, food safety management system
based on the principles of HACCP should be implemented.

Gordon Nichols et al. (39) studied the Microbiological Quality of Ice Used to
Cool Drinks and Ready-to-Eat Food from Retail and Catering Premises in the United
Kingdom. A survey of 4,346 samples of ice from retail and catering premises
examined 3,528 samples (81%) used to cool drinks and 144 samples (3%) from food
displays. For 674 samples (15%), the origin was not recorded. Most samples of ice
used to cool drinks or ready-to-eat food on displays did not contain coliforms,
Escherichia coli, or enterococci. Of the ice used to cool drinks, 9% contained
coliforms, 1% E. coli, and 1% enterococci in excess of 10> CFU/100 ml, and 11% had
an aerobic plate count at 37°C in excess of 10° CFU/ml. The microbiological quality
of ice used to cool drinks was poorer when melt water was present in the ice buckets.
Ice used in food displays was more contaminated than ice used to cool drinks, with
23% containing coliforms, 5% E. coli, and 8% enterococci at 10> CFU/100 ml or more.
29% percent of samples had an aerobic plate count greater than 10° CFU/ml. Ice that
had been used to cool shellfish was of a lower microbiological quality than samples
used to cool ready-to-eat fish, salads, or dairy produce. Samples of ice produced in
commercial production facilities were of higher microbiological quality than samples
of ice that were not. The microbiological quality of ice was dependent on the type of
use, the type of premises, and the type and place of production. Although most ice
samples were of acceptable microbiological quality, evidence from this study suggests
that the microbiological quality of ice prepared and used at certain premises in the UK
is a cause for concern.

Rosa et al. (40) conducted the study of Drinking Ice as a Vector for
Gastrointestinal Disease. The survey confirmed that ice can be a vector for
gastrointestinal disease, its quality reflecting the water from which it was made. High
levels of organisms which indicate hygiene failure, as well as fecal contamination
and/or the presence of pathogenic bacteria, viruses, protozoa or cryptosporidia have
been found. While potable water is the minimum water quality required for ice
production, good hygienic practices are needed for the production and handling of ice.

In Brazil, Falcdo et al. (41) studied the Microbiological quality of ice used to

refrigerate foods. The survey revealed that ice used for human consumption or to
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refrigerate foods can be contaminated with pathogenic microorganisms and may
become a vehicle for human infection. Results suggested poor hygienic conditions of
ice production due to the presence of indicator micro-organisms. Fifty strains of E.
coli of different serotypes, as well as one Y. enterocolitica biotype 1, serogroup O:5,
27 and phage type Xz (Ye 1/05,27/Xz) and one Salmonella Enteritidis phage type 1
(PT1) were isolated. Aeromonas spp., Shigella spp. and V. cholerae were not detected.
The presence of high numbers of coliforms, heterotrophic indicator micro-organisms
and pathogenic strains suggested that commercial ice and ice used to refrigerate fish
and seafood may represent a potential hazard to the consumer in our community.

In summer 2002, a survey to assess the microbiological quality of ice served in
drinks at food premises in the Brisbane North side area (42) was conducted by
Environmental Health Services Brisbane North side Public Health Unit (BNPHU). A
total of 57 samples were obtained from 30 randomly selected premises (i.e. restaurants,
hotels, fast food outlets and a cinema). Overall 11 samples (19%), obtained from 8 of
the 30 premises included in the survey, failed to meet the microbiological
requirements for potable water set by the National Health and Medical Research
Council (NH&MRC) Australian Drinking Water Guidelines 1996 (ADWG). Ice
samples obtained from the retail storage contained more coliforms (35%) than ice
from the bulk supply (7%). 4 samples (7%) contained a high standard plate count. No
samples were reported containing Escherichia coli. It is suggested that good hygienic
practices are needed for the production and safe handling of ice within premises. And
it can be achieved by improving awareness of the potential for ice to become
contaminated with food borne pathogens, advising of practical measures and
continuous assessing the level of compliance within food premises.

In 2005, a survey to assess the microbiological quality of edible ice from ice
manufacturing plants and retail businesses (e.g. hotels, Chinese restaurants, fast food
shops, etc.) in Hong Kong was undertaken (43). A total of 89 samples from retail
businesses and 12 samples from ice manufacturing plants were analyzed for aerobic
colony counts (ACC), coliforms and E. coli. E. coli, the indicator organism for fecal
contamination, was not detected in all samples. All the 12 samples taken directly from
the ice manufacturing plants met the microbiological criteria used in the study. Of the

89 samples from retail businesses, 8 (9%) and 3 (3%) samples exceeded the criteria for
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coliform (i.e. < 100 cfu per 100ml) and ACC (i.e. <1,000 cfu per ml) used in this study
respectively. Coliforms and ACC are indicators for hygienic practices and do not
represent food hazard directly. In the retail sector, ice can be produced on premises or
supplied by manufacturing plants. Although packaged ice sampled from
manufacturing plants was shown to have satisfactory quality, significantly higher
percentages of those sourced from manufacturing plants but sampled from retail
outlets had higher coliform counts and ACC. The reason for this phenomenon might
be that the surface of ice bags had been contaminated during transportation and
storage. The contaminated surface might subsequently contaminate the ice during
opening and emptying of the ice bags. Overall, this survey showed that the
microbiological quality of ice samples was satisfactory and the likelihood of enteric
infection through the consumption of ice from food retail businesses was low.
Recommendations and advice were given to food premises on the improvement of
hygienic quality of ice intended for human consumption.

Agbeje L et al. (44) found that the surveyed ice samples for cool drinks and
foods in Nigeria were contaminated by Pediococcus cerevisiae, Bacillus subtilis,
Streptococcus pyogenes, Bacillus firmus, Pseudomonas aeruginosa, Streptococcus
equi, Staphylococcus epidermidis, and Micrococcus luteus. They also suggested that

the HACCP should be established to ensure the microbiological safety of ice.
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CHAPTER IV
MATERIALS AND METHODS

4.1 Production process evaluation
The basic information of block and crushed ice manufacturing was
gathered from the ice machine supplier, Patkol Public Company plants. Then,
technical problems in the production of block ice were obtained from the surveys at
the following factories.
1. Paitoon Ice Factory (1999) Company Limited
Address: Amphur Sampran, Nakhon-Pathom
2. Iyara-Sainoi Company Limited,
Address: Amphur Sainoi, Nontha-buri
3. Wangsala Ice Factory Limited Partnership
Address: Amphur Tha-muang, Kanchanaburi
4. Somchai Ice Factory:
Address: Amphur Mueng, Khonkaen
5. Saha Namkhaeng Trang Limited Partnership
Address: Amphur Mueng, Trang
6. Tiso Company Limited
Address: Amphur Mueng, Phuket
7. Tha-Chine Ice Factory Company Limited
Address: Amphur Mueng, Phuket
8. Sam-kong Ice Factory Limited Partnership
Address: Amphur Mueng, Phuket

4.2 Microbial assessment: case study at Paitoon Ice Factory (1999) Co., Ltd.
Water, ice and packaging samples were collected and swab test on ice—
contacting surfaces were performed to evaluate the microbial quality in order to

identify the problems during block ice and crushed ice manufacturing.
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4.3 Analysis of hazards during production and distribution processes

Flow diagram for production and distribution processes of block and
crushed ice was developed and analyzed for potential hazards. Analysis of the
potential hazards was performed by applying principle of Hazard Analysis and Critical
Control Points (HACCP). Furthermore, microbial and chemical analyses were also

performed in order to verify the potential hazards.

4.4 Evaluation of potential hazards
Potential hazards were identified at certain production steps, which led to

certain research questions that needed to be tested by the following experiments.

4.4.1 Effect of freezing temperature on reducing microbial risk

Water samples were prepared by mixing ditch water with deionized water at
dilution factors of 1:100 and 1:5000. Initial loads of aerobic bacteria and coliforms
were analyzed. Then 350 ml of each water sample was packed in polyethylene bag
and heat-sealed. The bag was then place in the insulated stainless steel tray to prolong
the freezing rate. The experimental design aimed to simulate the production process
of block ice at the factory, which water becomes frozen at about 48 h. Ice was then
kept in freezer of refrigerator at -5°C for 2 d. Ice samples were collected to analyze
aerobic plate count and total coliforms at 0™, 1* and 2" day. Six sets of water were

prepared for this experiment.

4.4.2 Contamination of chromium in ice
Chromium from anti-rusting agent could cause chemical hazard. Part of
ice that was found to be stained with yellow color was collected and analyzed for

residual chromium, as compared with normal ice.

4.4.3 Sack cleanliness

Sack size 48x81 sq cm was a receptacle for crushed ice during distribution.
Cleanliness of the sacks was therefore an important factor for microbial contamination
to the product. In this study, simulation of sack handling process at Paitoon Ice

Factory was performed and evaluated for the potential in causing microbial
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contamination. Sacks that were routinely used at the factory were sampled. Five
pieces of sack size 1 sq in were cut from different positions of a sack by using aseptic
technique, and then put into 250 ml sterilized phosphate buffer to evaluate for both

aerobic plate count and total coliforms.

4.5 Development of preventive measures

According to the survey results and research questions, preventive
measures were developed to assure the quality of block and crushed ice production
and distribution. The developed measures were verified by microbial analyses and

should be later transferable to the producers.

4.5.1 Water chlorination on microbial quality of ice
Statuses of water used for block ice making at Paitoon Ice Factory (1999)
Co., Ltd. were obtained by interviewing involved staffs. Then, water samples were
taken for analyzing residual chlorine and microbial quality. The factory staff was
advised to add chlorine based on the Thai FDA’s recommendation for treating raw
water in bottled water production. After the implementation, water again was sampled

and tested for the same qualities.

4.5.2 Sack cleaning

The cleaning process was developed based on normal practice of the
factory, which had been observed during the survey. The process was developed in
laboratory, which simulated sacks were made from the factory’s sacks at much smaller
size (16x24 sq cm). In each experiment, all of the sack samples were firstly soaked in
ditch water for 1 h that so called “dirty sack™, and tested for aerobic plate count and
total coliforms. Then, certain processes were verified including (i) pre-washing in
water before soaking in chlorinated water, (ii) appropriate chlorine concentration for
sack soaking, (iil) appropriate sack soaking period in chlorinated water, and (iv)

appropriate drying and storage conditions.

a. Effect of washing sack with water before soaking in chlorinated

water on microbial quality of sack
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In each experiment, after soaking sacks in dirty water, all of them
were divided into 2 parts. For the first part, sacks were washed with tap water before
soaking in the chlorinated water. The second part was soaked in the chlorinated water
without washing. The chlorine concentration used was 10 ppm, measured by
CHLORINE 200™ and the sacks had to be fully soaked for 20 min. Raw sack,
washed sack and disinfected sack of both groups were analyzed for aerobic plate count

and total coliforms.

b. Appropriate chlorine concentrations and soaking period for
reducing microbial risk in sack

Dirty sacks were first pre-washed if needed based on the result from
4.4.2a, soaked in chlorinated water of concentrations 0.25, 1, 4, 7, and 10 ppm of
residual chlorine for 20 min. As the efficient chlorine concentration was obtained by
considering at result of microbial analyses, the value would be used as the minimum
concentration of chlorine that should be maintained. Then, the study on minimum
soaking period was performed with the minimum concentration of chlorine by varying
soaking periods at 0, 5, 10, and 15 min.

At the factory, chlorinated water for cleaning sacks must be used
continuously for about 12 h, which could normally cover up to 2000 sacks. Therefore,
appropriate initial concentration of chlorine in chlorinated water must be high enough
to retain minimum effective concentration after 12 h or being used for cleaning 2000
sacks. The initial chlorine concentration used in this experiment was approximately
100 ppm. Then, certain numbers of sack were soaked in the prepared chlorinated
water at the ratio of 200 sacks per 350 1 for certain period of time (evaluated from
appropriate soaking period); the soaking cycle kept going until the concentration of

chlorine reached the minimum effective concentration.

c. Appropriate drying and storage condition of washed sacks
By using the evaluated appropriate chlorine concentration and soaking
period, dirty sacks were washed and stacked in the way that was practiced at the
factory. The stacked sacks were left in air for 0, 1 and 4 h and then kept in new plastic

bags at room temperature for 0, 12 and 24 h. The mentioned design was to simulate
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practice at the factory that normally either left the sack for drying outside or kept the

wet ones inside truck for day.

4.6 Test for the practicality of the developed measures
The developed preventive measure was tested for their practicality at
Paitoon Ice Factory (1999) Co., Ltd. for 2 mo. During the testing period, verification

was performed by using results from microbial analyses.

4.7 Method of analysis
4.7.1 Sampling procedures
a. Water

Water samples for microbial examination were collected in the 250 ml
steriled Duran™™ glass bottles with plastic caps that had been cleaned and rinsed
carefully. The volume of sample should be sufficient to carry out the tests required,
preferably not less than 150 ml for microbial analysis and not less than 500 ml for
chemical determination. Tap water was sampled after the tap was flame sterilized
after being sprayed with 70% ethanol. During sample collection, the sampling bottle
was filled carefully leaving air space in the container at least 2.5 cm to facilitate

mixing by shaking before examination.

b. Ice
Ice samples were collected in presterilized plastic bag. Hand of
operator and equipment were sprayed with 70% ethanol before used for collecting the

samples.

c. Swab test
Swab tests were performed on specific areas of equipment surfaces that
normally contacted with ice, hands of operator, distributing areas such as platform for
laying and moving block ice, and pallet used for laying crushed ice sack. The cotton
swab and screw capped test tube, which contained 10 ml of buffer solution, were
sterilized. The swab head was moistened with buffer solution and then, rubbed over

the target area. The target area was 50 sq cm which the sterilized stainless steel frame
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was applied. To swab on equipment surfaces, the swab must not touch any portion of
tube. The swab was returned into the buffer solution and rinsed briefly in the solution.

The rinsed solution was used for the determination of total coliforms.

4.7.2 Analysis
4.7.2.1 Chemical analysis
a. Chlorine
Residual chlorine in the water samples was determined by
spectrometry method using CHLORINE SERIES 200™. The range of the test was
0.0-6.0 mg/1.

b. Total chromium
Total chromium determination was applied by flame atomic

absorption spectrophotometry (45).

4.7.2.2 Microbial analysis
a. Aerobic Plate Count (46)
The sample was prepared by making the dilution so that the total
number of colonies on a plate would be within reliable countable range i.e. 25-250.
The sample volume of 1.0 ml was added into a sterile petri dish and poured with
medium. The poured plated was incubated at 35°C for 48+2 h. Number of bacteria

was reported as colony forming units per milliliter (cfu/ml).

b. Total coliforms (47)

The five-tube fermentation technique was used as the method for
coliform bacteria detection in presumptive and confirmed phases.

Lauryl tryptose broth was used as a media in the presumptive test.
Two sets of five and ten tubes with inverted vials were prepared for double-strength
and single strength broth, respectively. Five tubes of the double-strength broth were
added with 10 ml of sample. For ten tubes of single-strength broth, five tubes were
added with 1.0 ml and another five tubes were inoculated with 0.1 ml of sample. The

inoculated tubes were incubated at 35°C. After 24+2 h, all tubes were examined for
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growth, gas, and acidic reaction. If no gas and acidic reaction were observed, the tube
was reincubated and reexamined till at the end of 48+2 h.

Brilliant green bile broth fermentation tubes were used as a media in
confirm test. A loopful of positive presumptive tubes which showed growth, any
amount of gas, or acidic reaction within 24+2 h or 48+2 h was transferred to the
fermentation tube containing brilliant green bile broth. Inoculated tube was incubated
at 35+0.5 °C. Formation of gas in any amount in the inverted vial of the brilliant green
bile broth fermentation tube at any time within 48+2 h constitutes a positive confirm
test. Result from the confirm test was used for estimating the number of
microorganism in terms of the Most Probable Number (MPN) per 100 ml of the
sample (MPN/100 ml).

For swab test, three-tube fermentation technique was used in

presumptive and confirmed phrases of total coliforms.
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CHAPTER 1V
RESULTS

5.1 Production process of block and crushed ice

From our survey, the production process consisted of 3 modules which
were water treatment, block ice making, and ice crushing and its distribution (as
shown in Figure 1). Within each module, there were certain differences among

factories.

MODULE 1
Water treatment

A 4

MODULE 2
Block ice making

A/
MODULE 3
Ice crushing and
distribution

Figure 1 Block and crushed ice: modular system structure

5.1.1 MODULE 1: Water treatment
Various sources of water with different treatment methods were found
(Table 2). Surface water from different sources i.e. river water, man-made soiled
pond water, ditch water from mining, canal were either treated by the factories or by
the municipal as tap water. Different methods for treatment were found and in fact
not consistently practiced. In addition, groundwater was also used in some factories

with different treatment processes, as well.
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5.1.2 MODULE 2: Block ice making
The processes for making block ice were found to be similar in all
factories that had bee surveyed (as shown in Figure 2). After water treatment process,
treated water was automatically pumped into ice can, and then the can was moved on
lifting crane and submerged into cold brine pond. Ice can was made from zinc

galvanized iron, which found to be corrosive in some plants. The brine pond

Water from storage tank

A 4

2.1 Add water into the
ice cans

A 4

2.2 Submerge the ice cans
into the brine-cooling tank

A 4

2.3 Aerate while freezing

A4

2.4 Suck out the impurity

A

2.5 Submerge the ice cans
into the brine-washing tank
(Optional)

A 4

2.6 Submerge the ice cans
into the water-thawing tank

A 4

2.7 Remove the block ice
from the cans

MODULE 3

Figure 2 MODULE 2: Block ice making
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was filled with 18-22 degree Baume brine of -12 °C and anti-rusting agent, sodium
dichromate dihydrate. Brine pond was made from cement and the area around was
laid with wood. As cold brine was circulated in the tank by the central agitator, ice
was gradually formed in the ice can. During ice formation, filtered air was blown into
unformed ice (ice center) via stainless steel tube in order to make the ice clear.
Meanwhile, impurity was also sucked out from the ice center, as well. Freezing
process normally took about 24-28 h. The formed ice was removed from can after the
can was lifted up from the pond and submerged in thawing pond that filled with water.

Then, the block ice was then slid on floor to platform.

5.1.3 MODULE 3: Ice crushing and distribution

As shown in Figure 3, before crushing, block ice needed to be cut into
smaller chunk, Ice crushing machine was made either from iron or stainless steel.
Most of ice crushing machine were found to be rusty. Crushed ice was normally
packed by hand in woven polypropylene sack for distribution. In some plants where
there was excessive production, the block ice was stored at -3 to -5°C in a cool room
before being crushed or distributed. Sack size was 19-inch wide and 32-inch long and
used for packing 20 kg of crushed ice. Sack used for packing that belonged to either
factory or customer was reusable, which mostly cleaned with water before using. The

ice-filled sack was loaded on either open or close insulated truck for distribution.
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Block ice 3.1 Sack 3.2 String
l A A4
3.3 Store the 3.4 Sort 3.5 Store at room
block ice temperature
« |
\ 4 V} \ 4
3.6 Cut the block ice 3.7 Clean 3.8 Discard
A A
3.9 Crush ice with the 3.10 Ready-
ice crusher to-use sack

v

3.11 Fill into sack

A

) 4

3.12 Tie the sack up
with string

A

A

3.13 Load onto
transport

Figure 3 MODULE 3: Ice crushing and its packaging

5.2 Microbial assessment: case study at Paitoon Ice-Factory Co., Ltd.

5.2.1 Water, ice and packaging
Table 3 indicates microbial quality of waters, ices and sacks collected from
the studied plant. High contaminations of aerobic bacteria and coliform were found in
both raw and treated waters. Contamination was also found in ice which the more

processes it passed, the higher microbial contamination it was.
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Table 3 Microbial qualities of water, ice, and sack samples collected at the study

site
Samples Aerobic Plate Count' Total Coliforms”
Groundwater 1.0x10* 350
Groundwater (soft) 3.6x10° 23
Groundwater (RO) <25 2
Treated water 1.2x10° 130
Block ice 1.6x10 13
Crushed ice 7.1x10° 240
Sack 1.6x10" >1600

APC in water and ice samples reported as cfu/ml and APC in sack sample reported as cfu/sack.
?Total coliforms in water and ice samples reported as MPN/100ml and Total coliforms in sack sample

reported as MPN/sack.

5.2.2 Equipment surface and worker’s hand
Coliforms found on food-contacting surfaces during processing and
handling including platforms that were lowly and highly used during block ice
removal, ice crushing machine and worker’s hands were shown in Table 4. The
highly used area had higher number of coliforms than the low used area. Ice crushing
machine was not the cause for coliform contamination. While, small number of

coliforms was found in the gloved hand of worker.

Table 4 Total coliforms of equipment surface and worker’s hand by swab test

Sample Total Coliforms (MPN/10.16 cm)"
Platform (low usage) 15.0
Platform (high usage) 188.9
Ice crusher (inlet) <6.1
Ice crusher (outlet) <6.1
Hand of worker (gloved) 6.1

'"Tranformed from per 50 cm® into 10.16 cm”

* Standard of Department of Medical Science = 500 MPN/10.16 cm®

5.3 Analysis of hazards during production and distribution processes
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5.3.1 Water treatment
Table 5 indicates that both microbial and chemical contamination could
potentially be hazards during water treatment process. Most factories did not have the
raw water analyzed before setting up the water treatment system. Unprotected
storages of raw and treated water as well as inappropriate water treatment system
could primarily cause chemical and microbial hazards. Lacking of knowledge in
water disinfection, necessary equipments in the right sequence of installation and

storages of raw and treated waters were critical factors for block ice quality.

Table 5 Problems found during water treatment process

Material/ Process steps Problems

Raw water 1. No data on raw water’s qualities

2. Improper storage condition

Water treatment system 1. No disinfection
2. Improper sequence of water treatment equipments
3. Non-functioned water treatment units

4. No quality assurance plan

Storage 1. Unprotected and dirty conditions

5.3.2 Block ice making
During block ice making, several equipments which normally need regular
maintenance were involved. Contamination of non-food grade lubricant could occur
during operation as presented in Table 6. While, contamination from anti-rusting
agent due to leaked can could be a chemical hazard since ice was used as solid,
therefore small contamination could be at high dosage as it was served in small
serving size. Water used for thawing and removing ice from the can normally was re-

used, which could cause post-process contamination.

5.3.3 Sack used for distribution
Table 7 shows problems found during ice distribution. Dirty sack could be
cause of contamination in the crushed ice. Sack-contacting ice could be heavy
contaminated with microorganism since crushed ice was served as solid. Even, small

amount of ice in small serving size could be microbial hazard.



Kukkanang Sirilaksanamanon Results / 42

Table 6 Problems found during block ice production

Material/ Process steps Problems

Ice forming Use of leaked ice can caused contamination of anti-

rusting agent into block ice

Thawing Dirty water used for thawing ice caused microbial

contamination onto the block ice

Table 7 Problems found during ice distribution

Material/ Process steps Problems

Sack Accumulation and contamination

5.4 Evaluation of potential hazards
5.4.1 Effect of freezing temperature on reducing microbial risk

Table 8 shows that freezing temperature could very much affect microbial
quality of water in terms of APC and total coliforms, especially at high initial loads of
the microorganisms. At the lower initial load of coliforms, the reduction rate became
lower. However, the reduction rates were not so consistent and mostly were less than
1 log cycle. And none of the case could totally reduce coliforms. During 2 d storage,
APC and total coliforms tended to be lower but not much at the lower initial load of

the microorganisms. After storage, it was not possible to totally reduce coliforms, as

well (Table 9).

Table 8 Microbial quality of samples before and after freezing at -15°C for 2 d

APC (cfu/ml) Total coliforms (MPN/100ml)
Test ] % . %
Water Block ice Reduction Water Block ice Reduction
1 2.0x10* | 2.3x10° 88.4 >1600 430 >73.1
2 1.1x10* | 1.6x10° 85.9 >1600 49 >96.9
3 1.4x10* | 5.4x10? 61.4 1600 350 78.1
4 <25 <25 * 45 4 11.1
5 <25 <25 * 45 2 55.6
6 3.3x10! <25 >24.2 4 2 50.0
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Table 9 Microbial quality of simulated ice sample during storage at -5°C

Test APC (cfu/ml) Total coliforms (MPN/100ml)
Day 0 Day 1 Day 2 Day 0 Day 1 Day 2
1 23%x10° | 1.3x10° | 9.7x10? 430 79 120
2 1.6x10° | 1.3x10° | 4.3x10° 49 23 31
3 54x10% | 2.5x10* | 2.8x10° 350 23 130
4 <25 <25 <25 3.7 2 3.7
5 <25 <25 <25 2 1.8 2
6 <25 <25 <25 1.8 <1.8 <1.8

5.4.2 Chromium contamination in block ice
A sample from the survey that obtained from a leaked ice can appeared
yellow color inside the block ice. It was suspected that the yellow color was due to
contamination of the anti-rusting agent, sodium dichromate dihydrate, in salt brine.
The yellow part inside the block ice contained certain amount of chromium, which

was not found in normal block ice (Table 10).

Table 10 Chromium content in yellow stained block ice as compared to the

normal block ice.

Sample Characteristic of melted ice Total Chromium content (mg/l)
Block ice 1 Colorless clear liquid Not detected
Yellow clear liquid with brown
Block ice 2 o 0.237
precipitate

5.4.3 Sack cleanliness
From the calculation of microbial counts in 1 sack of 20 kg capacity,
it resulted in a high contamination of both aerobic plate count and total coliforms as
shown in Table 11. However, they became higher as the contamination of ice that

contacted with sack was considered.



Kukkanang Sirilaksanamanon Results / 44

Table 11 Evaluation of microbial risk in ice contaminated from sack

) 1 Content in
Parameter Content in packed ice ,
sack-contacted ice
Aerobic plate count (cfu/ml) 4.4x10* 1.9x10°
Total coliforms (MPN/100ml) >4378 >19780

" Aerobic plate count and total coliforms in 1 sack sized 19x32 in were 8.8x10° cfu and
875520 MPN, respectively.
? One sack contained of 20 kg crushed ice.

? There were 4.2 kg of crushed ice contacted on surfaces of sack.

5.3.4 Microbial contamination in water of thawing tank of the block
ice factory.
From the survey, it was found that water used for thawing block ice
was from natural sources without proper treatment such as from ditch, mining canal.
Certain number of total coliforms was found in the water samples (110 cfu/100ml)

(48).

5.5 Development of preventive measures
5.5.1 Water chlorination on microbial quality of ice
After the studied factory had been advised on the correct way of water
chlorination, the microbial quality of the water became better. Total coliforms could

be totally eliminated (Table 12).

Table 12 Microbial qualities of water at the factory before and after implementing

chlorination
Parameter Be.f ore After chlorination implementation
chlorination
1% survey 2" survey | 3“survey | 4™ survey
APC (cfu/ml) 1.2x10° <25 5.2x10" 3.0x10"
Total coliforms
(MPN/100ml) 130 <1.8 <1.8 1.8
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5.5.2 Sack cleaning
a. Effect of pre-washing sack with water before soaking in chlorinated
water on microbial quality
Table 13 indicates that washing sacks with water before soaking in chlorinated
water could improve the microbial quality. The numbers of both APC and coliform
bacteria considerably decreased after the sack was washed with water before soaking
in the chlorinated water. Therefore, it was recommended to wash the sacks with clean

water before disinfecting in chlorinated water.

Table 13 Microbial qualities of sacks soaked in chlorinated water with and without

pre-washing with water

Dirt vlj;)sfl;rf- Pre-washing with water
Test | Parameter y 2
sack Cl-cleaned Washed sack Cl-cleaned
sack sack
1 APC! 1.7x10* 6.6x10° 1.1x10* 3.4x10"
- TC? 920 17 49 2
, APC' 1.8x10* 4.6x10° 2.2x10* <25
"Q\T? >1600 1600 >1600 <1.8
; APC! 1.8x10* 2.3%x10° 1.4x10* 3.6x10"
- TC? >1600 920 1600 <1.8
, APC! 3.8x10% 3.4x10" 1.5x10* <25
- TC? >1600 69 1600 1.8

' Aerobic plate count reported as cfu/ml

*Total coliforms reported as MPN/100ml

b. Appropriate chlorine concentration and soaking period for
reducing microbial risk in sack
b.1 Appropriate chlorine concentration
At lower chlorine concentrations i.e. 1-4 ppm (chlorine
concentration in municipal tap water), it was not high enough to destroy coliforms on
the sack. Minimum chlorine concentration that could effectively reduce total
coliforms was at 7 ppm (Table 14). The chlorine concentration needed to be up to 10

ppm in order to totally destroy both APC and total coliforms.
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Table 14 Microbial qualities of sacks soaked in chlorinated water at various

concentrations

Test | Parameter Dirty Residual chlorine concentration (ppm)
sack | 025 1 4 7 10
APC! 2.1x10* | 3.8x10° | 6.4x10° | 3.4x10' | 5.2x10' <25
1 TC? >1600 | 920 350 23 <1.8 <1.8
APC! 1.4x10" | 2.0x10° | 5.8x10° | 7.9x10' | <25 3.6x10'
’ TC? >1600 | 920 350 45 <1.8 <1.8
APC! 3.8x10* | 2.4x10* | 1.2x10° | 8.5x10' | <25 7.5%10"
i TC? >1600 | 1600 350 23 <1.8 <1.8
APC! 2.4x10* | 2.4x10° | 5.6x10° | 3.2x10* | <25 <25
[ TC? >1600 | 920 540 23 <1.8 <1.8

' Aerobic plate count reported as cfu/ml

*Total coliforms reported as MPN/100ml

b.2 Appropriate soaking period
Table 15 shows the effect of soaking period on microbial quality
of sacks. Sack samples collected after being soaked for 5 min or longer in 10 ppm

chlorinated water found no aerobic and coliform bacteria.

b.3 Estimation of number of time that chlorinated water could be

used for disinfecting sack
The experiment began with approx. 100 ppm Cl., which was the CI
concentration normally used for cleaning and disinfecting raw materials in food
industry. It was found that each soaking batch reduced approx. 10 ppm residual CI.
To be able to maintain minimum effective CI concentration of 9-10 ppm, 9 soaking

batches could be used (Tablel6).
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Table 15 Microbial qualities of sacks soaked in 10 ppm of chlorinated water at

different soaking periods

Soaking time (min)
Test Parameters
0 5 10 15
{ APC! 2.6x10° <25 <25 <25
TC? >1600 <1.8 <1.8 <1.8
5 APC! 3.6x10° <25 <25 <25
TC? 1600 g <1.8 <1.8
3 APC! 5.4x10° <25 <25 <25
TC? >1600 <1.8 <1.8 1.8
4 APC! 1.2x10* <25 <25 <25
TC? >1600 <1.8 <1.8 <1.8

' Aerobic plate count reported as cfu/ml

*Total coliforms reported as MPN/100ml

Table 16 Residual chlorine concentration of chlorinated water after each use for

sack soaking
Number of time Chlorine concentration (ppm)
Test 1 Test 2 Test 3

0 104.5 100.5 110.0
1 86.5 86.5 94.5
2 78.0 82.5 85.0
3 63.0 69.0 725
4 61.0 57.5 64.8
5 59.2 42.5 50.2
6 32.0 31.6 35.]
7 22.3 25.8 275
8 14.0 16.1 18.0
9 10.3 9.2 104
10 4.2 4.9 15
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c. Appropriate drying and storage condition of washed sacks
Methods for drying and storage of the washed sacks were performed
differently even in the same factory. Table 17 indicates the difference in microbial
qualities of the washed sacks that had been dried and stored under different conditions.
Without or complete drying resulted in the sacks of better microbial quality than the

ones that were partially dried especially as the washed sacks were stored for 24 h..

5.6 Test for the practicality of the developed measures
5.6.1 Sack cleaning

The developed measure for sack cleaning was tested for its
practicality at a factory. Two hundred liters of 100 ppm chlorinated water was
prepared each day for disinfecting sacks based on the normal incoming used sacks
from the customers. However, each soaking batch of 5 min consisted of approx. 200
sacks. At the last soaking batch, final concentrations of residual chlorine were 61.0
and 16.7 ppm which were still higher than the minimum effective concentration of

residual chlorine at 10 ppm as presented in Table 18.

Table 18 Residual chlorine concentration in chlorinated water before and after

soaking last batch of dirty sack at the study site

Free chlorine concentration (ppm)
Pail no.
Before soaking After soaking
1 68.4 61.0
2 21.0 16.7

During the test for practicality, it was found that not all sacks were
totally soaked into the chlorinated water. As the sacks were completely submerged in
the chlorinated water, coliforms bacteria decreased largely (Pail 2), but decreased
slightly for the sacks that were not completely submerged (Pail 1). Table 19 indicates
that the sacks on the top position were not efficiently disinfected which were different

from the ones in the bottom position.
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Table 19 Microbial quality of sacks at different soaking positions after having been

soaked in chlorinated water at the study site

Aerobic Plate Count Total Coliforms
Sample (cfu/ml) (MPN/100ml)
Pail 1 Pail 2 Pail 1 Pail 2
Dirty sack 1.4x10* | 3.4x10° >1600 1600
Washed sack 8.7x10° | 1.6x10° 1600 920
Cl-cleaned sack (Top) 7.2x10° | 2.5x10° 240 170
Cl-cleaned sack (Bottom) <25 <25 <1.8 <1.8

5.6.2 Verification of developed measures

After the developed technology had been transferred and applied in

the processing, the changes of microbial quality as APC and total coliforms of

samples collected were presented in Table 20 and 21, respectively. APC of all

samples decreased at the % reduction ranged from 83.3 to 99.8%. While, total

coliforms also decreased at % reductions ranged from 89.6 to 99.8%.

Table 20 Aerobic plate counts in water, ice, and sack samples collected at the study

site before and after implementation of the developed measures

APC (cfu/ml)
Sample
Before After % Reduction
Treated water 1.2x10° <25 >97.9
Block ice 1.5x10? <25 83.3
Crushed ice 7.1x10° 5.0x10? 92.5
Empty sack (ready to use)’ 8.8x10° 1.6x10° 99.8

" APC of sack samples reported as cfu/sack.
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Table 21 Total coliforms in water, ice, and sack samples collected at the study site

before and after implementation of the developed measures

Total Coliforms (MPN/100ml)
Sample
Before After % Reduction
Treated water 130 <1.8 >08.6
Block ice 13 1.8 86.1
Crushed ice 240 2 99.2
Empty sack (ready to use)' 875520 984 >99.9

"Total coliforms of sack samples reported as cfu/sack.
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CHAPTER VI
DISCUSSION

6.1 Water treatment process

According to the survey, most of the block ice producers had problems
with their water treatment processes. This problem in fact could directly affect
qualities of the ice even microbial quality which was found that freezing could not
reduce number of microorganisms down to meet the Thai FDA standard (APPENDIX
A). Due to lacking of knowledge on water treatment, producers did not pay enough
attention on certain critical points i.e. quality of raw water, disinfection, appropriate
treatment system, and water storage. Based on the Thai FDA guideline for bottled
water production, source and quality of raw water were the primary important factors
since they could affect costs of water treatment and storage. Use of chlorine for
disinfection was the most economical, however most producers did not know the
minimum effective dose of residual chlorine (0.2-0.5 ppm). In many factories, there
were no controls on the use and storage of chlorine at the study sites; even it is only
one step in the whole process that could adjust microbial quality to meet the standard
for potable water (49). In addition, storage tank especially for the treated water must
be well-protected and cleaned regularly. Similar to bottled water producer, block ice

producer should be trained on specific GMP for bottled water production, as well.

6.2 Block ice making

Production process of block ice was involved mainly on specificity of
structure of the premise and equipments which in fact were not so modern. Therefore,
efficient maintenance program was required. Lubricants used in ice/water contacting
equipments should be food-grade. Certain high risk areas which directly contacted to
ice should be modified based on GMP requirement and classified as restricted areas.

Highly used areas were found to be higher contaminated since the areas were more
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frequently used by workers; however, the areas were not treated as restricted area.
They were, therefore, contaminated from dirty boots of workers, abundant water from
melted ice, accumulated dirt from wooden floor and so on. In addition, physical
hazards such as pieces of wood, stone could be contaminated on the block ice. The
area should be classified as restricted area where the floor surface should be made of a
durable, cleanable and disinfect-able material such as stainless steel. The area should
be limited to only authorized personnel, who had knowledge on basic GMP especially
personal hygiene. Before entering the area, one should wear provided clean shoes and
shoe floors must be cleaned and disinfected in chlorinated water. To avoid
accumulated water and dirt, floor should be built with appropriate slope and drainage.
Wearing cleaned gloves was the best practice for workers who needed to contact with
ice.

Special maintenance should be on ice can, which if leakage could
cause chemical hazard from chromium in anti-rusting agent. Table 10 indicates that
the ice that contaminated with anti-rusting agent could provide chromium up to 4
times (0.24 mg/l vs. 0.05 mg/l) higher than the maximum allowance in the Thai FDA
standard (APPENDIX A).

Water quality must be the concern during block ice production, as
well. Certain amounts of water that were re-used for thawing and removing block ice
should be treated as cooling water in canning line which must be changed regularly

and maintained level of residual chlorine at 2.0 ppm (50).

6.3 Ice crushing and distribution

From this study, ice crushing machine might not be the main cause for
biological hazard as long as no water accumulated in the machine too long. Residual
ice in the machine melted and drained out without accumulation. Such finding agreed
with the Thai FDA reports in 2007 (51). To avoid other hazards, the ice crushing
machine, however, still needed an effective and appropriate cleaning and maintenance
programs. In the distribution process, crushed ice was normally removed from the
machine by hand. From our study, some coliforms were found on gloved hands of

workers; however the number was still much lower than the standard of Department
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of Medical Science. By wearing gloves that were regularly cleaned during crushed

ice distribution, biological hazard could be minimized.

6.4 Sack cleanliness

Crushed ice was normally transferred into sack before distributing to
various groups of customers for various uses at different locations, which could affect
in contamination with different kinds of hazard. Ideally, these re-used sacks should
be treated the same way as re-used plastic water pail. The developed cleaning method
was proven to be practical for the factory. Additional facility that required was only
200-liter pail with 100 ppm chlorinated water. = However, the efficiency of this
cleaning method was based on the worker’s behavior, which supposed to completely
submerge the sacks and allow soaking period for at least 5 min. After cleaning, sack
should be used at once or dried properly. Partially dried sack (1 h) that stored for 24 h
was not recommended since loss of Cl and residual water allowed more growth of

microorganism.

6.5 Additional requirement

Overall, qualities of blocked and crushed ice could not be improved if
employer was not interested in or employees did not understand the principles of
Good Manufacturing Practices. Training programs should be provided to every new
worker and regularly to both full-time and part-time workers. Specific control points
that had been emphasized in this study must be informed to the responsible workers

and strictly controlled.
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CHAPTER VII
CONCLUSION

Potential hazards being found in the production and distribution processes of
block and crushed ice manufacturing were mostly preventable by good manufacturing
practices (GMP). However, preventive measures of certain steps must be emphasized
including raw water treatment and disinfection, prevention of chemical hazard during
block ice making, microbial quality of water in thawing tank, cleanliness of ice-

contacting areas, sack cleanliness and personal hygiene of workers.

7.1 Raw water treatment and disinfection processes

Since freezing and storage of block and crushed ice conditions could not
reduce microbial risk, raw water must be properly treated and disinfected before being
used for block ice production. Quality of water used for block ice production should
at least pass standard for potable water. In addition, the treated water should be

properly stored to prevent recontamination.

7.2 Chemical contamination during block ice making

Contamination of anti-rusting agent into block ice caused chemical hazard due
to chromium contamination. To prevent such hazard, leaked ice can should be
eliminated from the production line and proper handling during dropping can into
brine tank should be emphasized. Maintenance of ice can need to be performed on

regular basis.

7.3 Microbial quality of water used for ice-thawing

Water used for removing block ice from can is classified as water contacting to
food, which must be potable water based on GMP. New potable water should be used.
Otherwise, reused thawing water should be treated the same as cooling water for

canning line by maintaining residual chlorine of higher than 2 ppm.
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7.4 Contamination during block ice transportation

Due to its weight and slippery characteristic, it is unavoidable to transport
block ice on a floor. Ice-contacting floors should be treated as restricted areas, where
unauthorized personnel were not allowed. Authorized personnel must be strictly

controlled for their personal hygiene.

7.5 Cleanliness of re-used sacks for packing

Re-used sacks for packing of tube ice could be cause of tube ice
recontamination therefore they needed to be cleaned and sanitized properly. Method
used for sack cleaning included washing with water and disinfecting in >7 ppm ClI for
> 5 min. The cleaned sacks could be stored for 24 h either dried or without drying. It
was not recommended to store partially dried sacks due to increase microbial growth.
In practice, initial chlorine concentration could begin at 100 ppm of 350 1 chlorinated

water, which could be efficiently used for disinfection of at least 2000 sacks.

7.6 Good Manufacturing Practices
GMP principles must be strictly followed especially on personal hygiene and

machine maintenance program.
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APPENDIX A

RELATED LAWS INVOLVED ICE

Notification of the Ministry of Public Health

No. 78 [B.E. 2527(1984)]
RE: Ice

By virtue of the provision of Section 5 and 6 (1), (2), (6), (7) and (10) of the Food Act

1979, the Minister of Public Health hereby issues a notification as follows:

Clause 1

Clause 2

Clause 3

The Notification of the Ministry of public health No. 19 (1979), Re:

Prescribing Ice as Specially Controlled Food and Prescribing Quality

or Standard, Principals, Conditions and Manufacturing Processes of Ice

for Sales or Sold. Prescribing Quality or Standard of Containers, the

Use of Containers, Storage and Label, dated 13® September, 1979 shall

be revoked.

Ice shall be specially controlled food.

Ice manufactured for sales for consumption shall use clean water

conforming to the following standards:

(1) Physical properties.

(a)
(b)
(c)
(d)

Colour, not exceeding to 20 Hazen Units.
Odour, odourless except chlorine odour.
Turbidity, not exceeding to 5.0 Silica Scale.
pH value, ranged 6.5 — 8.5.

2) Chemical properties.

(a)

Total solids, not exceeding to 500 mg. per 1 litre of

clean water.
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(b)

()
(d)
(e)
()

(8)
(h)
(1)
),
(k)
@
(m)

(n)
(0)
(p)
)
(r)
(s)

®

Total hardness, computed as Calcium Carbonate, not
exceeding to 100.0 mg. per 1 litre of clean water.
Arsenic, not exceeding to 0.05 p.p.m.

Barium, not exceeding to 1.0 p.p.m.

Cadmium, not exceeding to 0.01 p.p.m.

Chloride, computed as Chlorine, not exceeding to 250.0
p.p-m.

Chromium, not exceeding to 0.05 p.p.m.

Copper, not exceeding to 1.0 p.p.m.

Iron, not exceeding to 0.5 p.p.m.

Lead, not exceeding to 0.1 p.p.m.

Maganese, not exceeding to 0.05 p.p.m.

Mercury, not exceeding to 0.002 p.p.m.

Nitrate, computed as Nitrogen, not exceeding to 4.0
p.p-m.

Phenol, not exceeding to 0.001 p.p.m.

Silinium, not exceeding to 0.01 p.p.m.

Silver, not exceeding to 0.05 p.p.m.

Sulphate, not exceeding to 250.0 p.p.m.

Zinc, not exceeding to 5.0 p.p.m.

Fluoride, computed as Fluorine, not exceeding to 1.5
p.p.m.

Chlorine residue, not exceeding to 0.5 p.p.m.

3) Microbiological properties.

(a) Coliform bacterial count, (using the Most Probable
Number Method) less than 2.2 per 100 ml. of clean
water.
(b) E. coli bacteria shall not be found.
(©) Free of pathogenic microorganism.
Clause 4 Ice as stipulated in Clause 3 shall be of the quality or standard of clean

water and shall contain no contaminant in that ice.
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Clause 5

Clause 6

Clause 7

Clause 8

Clause 9

Clause 10

Clause 11

Manufacturing process of ice stipulated in Clause 3 shall protect any

external contaminants during the manufacturing process.

Pipes, ice molds and utensils for manufacturing which contact the
clean water or ice shall be made of non toxic material, durable and

easy clean.

The surface of pipes, ice molds, and utensils for manufacturing which
contact the clean water or ice shall be clean and not contaminated

during the manufacturing process.

Manufacturing of ice for other purposes and not for consumption shall
use clean water as stipulated in Clause 3 and may add other substances
subject to the approval of the Office of Food and Drug Administration.
Manufacturing of ice as stipulated in para 1 may follow the prescribed
manufacturing process as Clause 5 or other processes can be used but
pipes, ice molds and utensils which contact the clean water or ice shall

follow the Clause 6 and 7.

Water which is used for cleaning pipes, ice molds, utensils which
contact the clean water or ice and containers shall be the water of the

same standard of water for manufacturing ice.

Storage of ice, grain hull, saw dust, sacks, coconut peels, mats or other

similar material shall not be used for covering or wrapping ice.

Storage place for ice as stipulated in Clause 3 for sales or sold shall be:

(1) Clean and the level higher than walking path in the place.

2) Made of non toxic material and smooth surface which is easy
for cleaning.

3) Of the characteristic which is easy for cleaning and can protect

from external contamination.
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Clause 12 Containers for ice as stipulated in Clause 3 for sales or sold shall be:

&)

2)

3)

“4)

Clean and releasing no substance to contaminate the ice in
quantity that may be hazardous to health.

Made of non toxic substance and smooth surface, easy for
cleaning.

Of the characteristic which is easy for cleaning and can protect
from external contamination.

Never used as container for other substances than ice and
containing no illustrations, devices or other statements that it

has been used for packing other substances.

Vehicle which is used as container shall be the container as (1),

(2) and (3).

Clause 13 Ice as stipulated in Clause 3 and 8 manufactured for sales or sold shall

have label in Thai language, lettering shall be clearly legible and the

size not smaller than 5 mm. on the container. The minimum contents of

the text shall be as follows:

ey
(2)

Name and address of the ice factory.
“Consumable Ice” in blue or “Non consumable Ice” in red
either the case may be. The statement in para 1 shall not be

enforced with the containers directly sold consumers.

This notification shall not affect the food licenses issued under the Notification of the

Ministry of Public Health No. 19 (1979), Re: Prescribing Ice as Specially Controlled

Food and Prescribing Quality or Standard, Principals, Conditions and Manufacturing

Processes of Ice for Sales or Sold. Prescribing Quality or Standard of Containers, the

Use of Containers, Storage and Label, dated 13t September, 1979. The license holder

issued under the above mentioned Notification shall correct details of food as

stipulated in this Notification within 90 days as of the effective date of this

Notification.
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This Notification shall be enforced one hundred and eighty days as from the date of

its publication in the Government Gazette henceforth.

Notified on the 16" J anuary, 1984

(MARUT BOONNARK)
Minister of Public Health

(Government Gazette, Special Issue Vol. 101, part 23 dated i February, 1984.)
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Notification of the Ministry of Public Health
No. 137 [B.E. 2534(1991)]
RE: Ice (No. 2)

Whereas it is deemed appropriate to amend the Notification of the Ministry of
Public Health Re: Ice,

By virtue of Section 5 and Section 6 (1), (2), (6), (7) and (10) of the Food Act
B.E. 2522(179), the Minister of Public Health hereby notifies that:

No. 1 The provisions of (e) of (2) of No. 3 of the Notification of the Ministry
of Public Health No. 78 [B.E.2527(1984)] Re: Ice dated 16" January, 1984 shall be
repealed and replaced by the following:

“(e) Cadmium not more than 0.005 mg. per 1 litre of clean water.”

No. 2 The provisions (i) and (j) of (2) of No. 3 of the Notification of the
Ministry of Public Health No. 78 [B.E.2527(1984)] Re: Ice dated 16" January, 1984
shall be repealed and replaced by the following:

“(1) Iron not more than 0.3 mg. per 1 litre of clean water.”

“(j) Lead not more than 0.05 mg. per 1 litre of clean water.”

No. 3 The following shall be incorporated as (t), (u), (v) of (2) of No. 3 of the
Notification of the Ministry of Public Health No. 78 [B.E.2527(1984)] Re: Ice dated
16" January, 1984:

“(t) Aluminium not more than 0.2 mg. per 1 litre of clean water.

(u) Alkylbenzene sulfonate not more than 0.2 mg. per 1 litre of clean water.

(v) Cyanide not more than 0.1 mg. per 1 litre of clean water.”

No. 4 The person granted certificate of food recipe registration or the person
permitted to use label of food under the Notification of the Ministry of Public Health
No. 78 [B.E.2527(1984)] Re: Ice dated 16™ January, 1984 prior to the enforcement
date of this Notification shall submit application for the amendment of the particulars
therein so that they be in accordance with this Notification within one hundred and

eighty days from the date of enforcement of the Notification, and upon having
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submitted the application, the old certificated of food recipe registration or the old
label may still be used until the permission is granted or until the person granting the

permission informs the applicant of the disapproval thereof.

This Notification shall become effective on and from the day following the

date of its publication in the Government Gazette.

Notified this 23™ day of April 1991

(PAIROJ NINGSANOND)
Minister of Public Health

(Ref.: Government Gazette, Volume 108, Part 94, of 28 May 1991)
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Notification of the Ministry of Public Health
No. 254 [B.E. 2545(2002)]
RE: Ice (No. 3)

Whereas it is deemed appropriate to amend the Notification of the Ministry of
Public Health Re: Ice,

By virtue of Section 5 and Section 6 (10) of the Food Act B.E. 2522(179), the
Minister of Public Health hereby notifies that:

No. 1 The provisions of No. 13 of the Notification of the Ministry of Public
Health No. 78 [B.E.2527(1984)] Re: Ice dated 16™ January, 1984 shall be repealed
and replaced by the following:

“Clause 13”

No. 2 The licence holder

No. 3 This Notification shall become effective on and from the day following

the date of its publication in the Government Gazette.

Notified this 30™ day of May 2002

(SUDARAT KAYURAPHAN)
Minister of Public Health

(Ref.: Government Gazette, Volume 119, Part 54, of 18™ June 2002)
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APPENDIX B
MPN INDEX TABLE

Table B1 Most Probable Number (MPN) of Bacteria Per 100 ml of Test Material
Using 3 Tubes With 10, 1 and 0.1 ml of Test Material and 95 percent confidence

intervals
Pos. tubes' MPN/ | Conf. lim.” Pos. tubes' MPN/ | Conf. lim.

10 1 | 0.1 | 100ml | Low | High | 10 | 1 | 0.1 | 100ml | Low | High
010 0 <3.0 -- 9.5 2 |2 0 21 4.5 42
010 1 3.0 0.15 |+ 96 2 |2 1 28 8.7 94
0|1 0 3.0 0.15 11 L 2 35 8.7 94
0|1 1 6.1 1.2 18 2 I 0 29 8.7 94
0|2 0 6.2 1.2 18 24 1 36 8.7 94
013 0 9.4 3.6 38 3 0 0 23 4.6 94
110 0 3.6 0.17 18 3 0 1 38 8.7 110
110 1 0 1.3 18 3 0 2 64 17 180
110 2 11 3.6 38 3 i 0 43 9 180
1|1 0 7.4 5. 20 3 1 1 75 17 200
1|1 1 11 3.6 38 ¢ 1 2 120 37 420
1|2 0 11 3.6 42 3 1 3 160 40 420
1|2 1 15 4.5 42 3 2 0 93 18 420
1|3 0 16 4.5 42 3 2 1 150 37 420
210 0 9.2 1.4 38 3 2 2 210 40 430
210 1 14 3.6 42 3 2 3 290 90 | 1,000
210 2 20 4.5 42 3 3 0 240 42 | 1,000
2 11 0 15 3.7 42 3 3 1 460 90 | 2,000
2 |1 1 20 4.5 42 3 3 2 1100 180 | 4,100
2 |1 2 27 8.7 94 3 3 3 >1100 | 420 --
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Table B2 Most Probable Number (MPN) of Bacteria Per 100 ml of Test Material
Using 5 Tubes With 10, 1 and 0.1 ml of Test Material and 95 percent confidence

intervals
Pos. tubes' | MPN/ | Pos. tubes' | MPN/ | Pos. tubes' | MPN/
10;1;0,1 100ml 10;1;0,1 100ml 10;1;0,1 100ml
000 <1.8 100 2 200 4.5
001 1.8 101 4 201 6.8
002 3.6 102 6 202 9.1
003 5.4 103 8 203 12
004 T2 104 10 204 14
005 9 105 12 205 16
010 1.8 110 4 210 6.8
011 3.6 8%, 6.1 211 9.2
012 5.5 1 afh 8.1 212 12
013 7.3 5= 10 213 14
014 9.1 114 12 214 17
015 11 115 14 215 19
020 3.7 120 6.1 220 9.3
021 5.5 121 8.2 221 12
022 7.4 122 10 222 14
023 9.2 123 12 223 17
024 11 124 15 224 19
025 13 125 | o 225 22
030 5.6 130 8.3 230 12
031 7.4 131 10 231 14
032 9.3 132 13 232 17
033 11 133 15 233 20
034 13 134 17 234 22
035 15 135 19 235 25
040 7.5 140 11 240 15
041 94 141 13 241 17
042 11 142 15 242 20
043 13 143 17 243 23
044 15 144 19 244 25
045 17 145 22 245 28
050 94 150 13 250 17
051 11 151 15 251 20
052 13 152 17 252 17
053 15 153 19 253 26
054 17 154 22 254 29
055 19 155 24 255 32
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Table B2 Most Probable Number (MPN) of Bacteria Per 100 ml of Test Material
Using 5 Tubes With 10, 1 and 0.1 ml of Test Material and 95 percent confidence

intervals (continued)

Pos. tubes' | MPN/ | Pos. tubes' | MPN/ | Pos. tubes' | MPN/
10;1;0,1 | 100ml | 10;1;0,1 | 100ml | 10;1;0,1 | 100ml
300 7.8 400 13 500 23
301 11 401 17 501 31
302 13 402 21 502 43
303 16 403 25 503 58
304 20 404 30 504 76
305 23 405 36 505 95
310 11 410 17 510 33
311 14 411 21 511 46
312 17 412 26 512 64
313 20 413 31 513 84
314 23 414 36 514 110
315 27 415 42 515 130
320 14 420 22 520 49
321 17 421 26 521 70
322 20 422 32 522 95
323 24 423 38 523 120
324 27 424 44 524 150
325 31 425 50 525 180
330 17 430 27 530 79
331 21 431 33 531 110
332 24 432 39 532 140
333 28 433 45 533 180
334 31 434 52 534 210
335 35 435 59 535 250
340 21 440 34 540 130
341 24 441 40 541 170
342 28 442 47 542 220
343 32 443 54 543 280
344 36 444 62 544 350
345 40 445 69 545 440
350 25 450 41 550 240
351 29 451 48 551 350
352 32 452 56 552 540
353 37 453 64 553 920
354 41 454 72 554 1600
355 45 455 81 555 >1600
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APPENDIX C
CALCULATION

1. Risk of ice contamination from sack

- Calculation of microbial quality of whole sack

Size of 1 sack = 19x32 = 608 in” (2 sides = 1216 in?)

Size of sack used for analysis = (Ix1 = 1 in®) x 5 pieces

= 5 in” in buffer solution 225 ml

Sack: determined number of colonies = 1.6x10* cfu/ml

determined total coliforms =>1600 MPN/100 ml
In buffer 225 ml; number of colonies = 225 x 1.6x10" cfu/ 225 ml
From sack 5 inz; number of colonies = 225 x 1.6x10" cfu/5 in’

From sack 1216 inz; number of colonies = 1216 x 225 x1.6x10* cfu/l sack
5
8.8x10% cfu/l sack

In sample 100 ml; total coliforms = 1600 MPN/100 ml
In buffer 225 ml; total coliforms = 1600 x 225/ 100 MPN/225 ml
1600 x 225 / 100 MPN/5 in

From sack 5 inz; total coliforms

From sack 1216 inz; total coliforms = 1216 x 1600 x 225 /100 MPN/1 sack
5

875520 MPN/1 sack

- Calculation of microbial quality of crushed ice contained in sack
e 1 sack contained 20 kg of crushed ice =20000 ml of crushed ice
e Microbial qualities of sack: number of colonies = 8.8x10% cfu/l sack

Total coliforms = >875520 MPN/1 sack
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Contamination of crushed ice from sack = 8.8x10® cfu/l sack

8.8x10°  cfu/20000 ml of crushed ice
M cfu/ml of crushed ice
20000

4.4x10"  cfu/ml of crushed ice

875520  MPN/1 sack

875520  MPN/20000 ml of crushed ice

875520x100 MPN/100 ml of crushed ice
20000

4378 MPN/100ml of crushed ice

Contamination of crushed ice from sack

- Calculation of microbial quality of crushed ice-contacted sack
e 1 sack = 19 x 32 in” contacted crushed ices = 4426.2 g = 4426.2 ml
e Microbial qualities of sack: number of colonies =  8.8x10° cfu/l sack

Total coliforms = > 875520 MPN/1 sack

Contamination of tube ice from sack = 8.8x10° cfu/1 sack

8.8x10°  cfu/4426.2 ml of (contacted) crushed ice
8.8x10°  cfu/ml of (contacted) crushed ice

4426.2

1.9x10°  cfu/ml of (contacted) crushed ice

Contamination of ice from sack = 875520 MPN/1 sack

= 875520 MPN/13700 ml of (contacted) crushed ice
= 875520x100 MPN/100 ml of (contacted) crushed ice
4426.2

19780.4 MPN/100 ml of (contacted) crushed ice
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2. Preparation of chlorine solution

2.1 Preparation from 10% NaOCI solution

Molecular weight of NaOCI =23 (Na) + 16 (O) + 35.5 (Cl) =74.5
NaOCl 74.5 parts have Cl 35.5 parts

Consequently, NaOCl 10% have Cl=35.5x10%/74.5 =4.8%
NaOCl 100 parts  have CI1 4.8 parts
1,000,000 parts have Cl 4.8x1,000,000/100

= 48,000 parts (ppm)

Formula
Amount of 10% NaOCI used x Concentration of Cl in NaOCl (48,000)

= Concentration of Cl needed x Amount of water for disinfection

2.2 Preparation from 65% Ca(OCl), powder
First of all 65% Ca(OCl), powder should be dissolved to 10% Ca(OCl),
solution in the ratio of 10 g of Ca(OCl), powder to 55 g of water. This solution was

left overnight and used only clear solution.

Molecular weight of Ca(OCl), =40 (Ca) +2 x [ 16 (O) + 35.5 (Cl) | = 143
Ca(OCl), 143 parts  have Cl 71 parts

Consequently, Ca(OCl), 10% have Cl=71x10%/143 = 5.0%
Ca(OCl),100 parts  have C15.0 parts
1,000,000 parts have C15.0x1,000,000/100
= 50,000 parts (ppm)
Formula

Amount of 10% Ca(OCl), used x Concentration of Cl in Ca(OCl), (50,000)

= Concentration of Cl needed x Amount of water for disinfection
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Table C1 Hazard analysis in Block ice and crushed ice manufacturing

Raw material/

Type
Process step !

Hazard

Control Measure

MODULE 1:
Water treatment

1.1 Water source B

Microbial existence:
coliforms and E. coli

Effective water
treatment at later step

1.2 Chlorine B Microbial contamination Store at room
compounds (from air, soil) temperature, clean, dry,
and light protection
1.3 Store raw B | - Microbial growth Effective water
water treatment at later step
- Microbial contamination Effective handling of
(from environment) water tank
1.4 Chlorination B Microbial existence Control of the amount
of added chlorine

1.5 Treat water B
by water
treatment
facilities

Microbial contamination
(from unclean facilities)

Effective maintenance

1.6 Store treated B

Microbial contamination

Effective cleaning

water (from water tank) program

MODULE 1:

Block ice

making

2.1 Addition of B Microbiological exist Water should be

water into the checked by using

set of ice can C Chlorine residual coliforms, chlorine,
hardness, and pH test
kits

2.2 Submerge C | Anti-rusting agent Repair or discard the

the ice cans into contamination leaked ice can

the brine cooling C | Lubricant contamination The lubricant of the

pool crane used must be
food grade.

2.3 Aeration B
while freezing

Microbiological exist

The inlet air should be
filtered before pumping
into the ice-blocking
unit.

" Type of hazards P = physical hazard, C = chemical hazard B = biological hazard
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Table C1 Hazard analysis in Block ice and crushed ice manufacturing (continued)

Raw material/ T);pe Hazard Control Measure
Process step

2.4 Suck out the No hazard identified

impurities

2.5 Submerging B Microbial contamination The water used in the

the ice cans into tank must be clean or

the thawing tank treated water and
should be changed at
certain of time. The
cans must not be
completely submerged
in the water.

C Chlorine residual Chlorine residual in
water should be
checked by using
chlorine test kit.

2.6 Removing| B | Cross contamination The platform of the
the block ice removing area must be
from the cans cleaned properly.
MODULE 3:
Crushed ice and
distribution
3.1 Sack B Microbiological existence: Effective cleaning at
coliforms, E. coli and step 3.7
vegetative pathogens
3.2 String No hazard identified
3.3 Storage of B Microbial contamination Effective cleaning
the block ice program for theistore
room and effective
hand-washing and
sanitation of workers
3.4 Sorting No hazard identified
3.5 Storage of B Microbiological Effective cleaning
. contamination (from air, soil) | program
string
3.6 Cutting the B Microbiological Effective cleaning
block ice contamination (from program for the
machine) machine and effective

hand-washing and
sanitation of workers

" Type of hazards P = physical hazard, C = chemical hazard B = biological hazard
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Table C1 Hazard analysis in Block ice and crushed ice manufacturing (continued)

Raw material/ T);p ¢ Hazard Control Measure
Process step
3.7 Cleaning by B Microbiological Control of quality of
contamination (from water water used
water
used)
3.8 Discarding B Microbiological Effective hand-washing
. contamination (from air, soil) | and sanitation of
not-in-use sack
workers
3.9 Crushing the B Microbiological Effective hand-washing
. contamination (from and sanitation of
ice .
machine) workers
3.10 Ready-to- B | Microbiological Effective cleaning
use sack contamination (from air, soil) | program
3.11 Fill in sack B Microbiological Effective hand-washing
and tie by string contamination (from workers’ | and sanitation of
hands) workers
3.12 Tying the B | Microbiological Effective hand-washing
. contamination (from ice and sanitation of
sack up with .
container) workers
string
3.13 Loading B Microbiological Effective hand-washing

onto transport

contamination (from workers’
hands, truck)

and sanitation of
workers and vehicle

" Type of hazards P = physical hazard, C = chemical hazard B = biological hazard
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