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Abstract

Hazard Analysis by Critical Control Pointd ACCP) is a systematic approach to the
identification, assessment and control of hdzan the food chain. Effective HACCP
requires the consideration all possible hazards, i.e., chemical, microbiological and
physical. However, current proceduréscus primarily uponmicrobiological and
physical hazards, and, to date, chemicakats of HACCP haveeceived relatively
little attention. Consequently, this repatiscusses the application of HACCP to
organic chemical contaminants and thertipalar problems that are likely to
encounter within the agricultal sector. It alsqresents generitemplates for the
development of organic chemical contasmh HACCP procedures for selected raw

food commodities, i.e., cereatops, raw meats and milk.
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I ntroduction

Hazard Analysis by Critical Control Points (HACCP) is a widely accepted, rigorous
and systematic method of identifying, assag and controlling of hazards throughout
the whole food chain (Mayes, 199R;SI, 1993; Mayes, 1994; Mot al., 1994;
Reimers, 1994; Tompkin, 1994; Lee & Hattay, 1998). HACCP principles have
been incorporated into food safety legtgin within most countries (e.g., see EU,
1992, 1993 for Europe, FDA, 1972; NAS, 1985; FDA, 1989; Taylor, 1993; US
Federal Register, 1994, 1995 for the USri&gture Canada, 1993 for Canada or
ANZFA, 1995, 1996 for Australia and New Zeadd. Further to tis point, HACCP

has also been identified as a practical means of standardising international food
quality control and assuranceaptices (Shank & Carson, 1994; Garedtial., 1998;
Kvenberg, 1998).

As the primary source of raw ingredients food production, the agricultural sector is

a fundamental component of the mosod product and supply chains (Figure 1).
Consequently, the development of effeetidACCP procedures for this sector is
essential to the overall success of HACCP. Thigarticularly important for fruit and
vegetables as they receive little praieg before entering ¢h domestic sector
(Knight, 1998; Lee & Hathway, 1998). However, problems have been reported in the
development of raw food HACCP procedsy most notably failures to identify
food-specific microbiological hazards ftérmann, 1998, 1999), and to account for
the inherent variability of raw foodommodities (Lee & Hathaway, 1998; Mossel

al., 1998). Other problems include the selection of inapproprigteatrcontrol points
(CCPs), monitoring criteria and controheasures. Although the cause of these
problems undoubtedly varies upon as case-Bg-tmsis, Lee and Hathaway (1998)
identified “A lack of motivation within someegments of industry as to the relevance
of detailed food safety controls for ralwod commodities” aone of the factors
involved. The development of generic HACCP templates (generalised HACCP
procedures that can employed as thasis for the creation of site- and
product-specific HACCP procedures) hdveen proposed as a practical means of
addressing such problems (Tompkin, 1994; NZ MA, 1997).



HACCP was originally devised as an ‘allfpose’ food safety assurance mechanism,
and was intended for use with all types of hazards, i.e., chemical, microbiological and
physical. However, current HACCP proceelsirdeveloped and employed within the
commercial sector focus predominately upomcrobiological and physical food
safety and, by comparison, chemical aspect®ad safety typicallyreceive little or

no attention (Rhodehamel, 1992). This paper addresses this shortcoming by: (i)
discussing the potential for the applicatmtHACCP to chemical hazards within the
agricultural sector, using organic chemical contaminants as examples, and (ii)
providing a generic templates for the deyshent of organic chemical contaminant
HACCP procedures for raw food commoditiel$.should, however, be stressed that
such procedures should always be ipooated into normal (i.e., total hazard)
HACCP procedures as opposed to being used as ‘stand alone’ chemical hazard
HACCP procedures.

Prerequisitesfor HACCP

Product Description

The products in question should be fultiescribed prior to HACCP procedure
development. Descriptions should includieiregredients, additives, production steps,
handling procedures and intended end-pos# of the produg¢CAC, 1993). For raw

food commaodities this would typicalipnclude available information on:

e Primary ingredients (e.g., plant crop, livestock),

e Pre-growth cycle activities (e.g., cereal grain treatments),

e Growth cycle (e.g., site, growth stages, associated operations, feeds used,
chemicals applied),

e Harvesting or slaughter,

e Processing information (e.g., proseg site, operations, additives),

e Other operations (e.g., transporgrsige, miscellaneous handling),



e Intended use (e.g., direct consump, consumption after domestic

processing, secondary foodstuff ingredient).

This list emphasises a number of importimtors regardingaw food commodities.
Firstly, there are generally two discretagds to raw food commodity manufacture:
growth cycle (the rearing of livestock or growth ofoad crop) and processing (the
sorting, cleaning and conditioning of the product prior to sale). In some cases these
stages are carried out by separate comgafe.g., beef cattle fimer and abattoir).
Therefore, HACCP procedures may requoeoperation betweenlagarties involved.
Secondly, production information should tak#o account growth cycles. Peters
(1998) identified this as a key componeott the effectiveness of the current
Australian approach to HACCP. Certainigities are only permitted either prior to
raw food commodity production (e.g., bio-solgbplication) or at specific stages
during the growth cycle (e.g., pesticidee during cereal production). Thirdly, all
production and processing sites should be identified and the ‘times of use’ should be
recorded, as both of thesgctors can affect likelihood dfazards occurring and (when
they do occur) the degree to which they occur. For example, fishing is commonly
prohibited at certain times of year or ims¢ proximity to sewagdischarges (Ahmed,
1992). The product description g@mmonly used to construct a flow diagram of the
overall production sequence (e.g., see BryiD92; CAC, 1993tLSI, 1993). Within

the food-manufacturing sector this is maily relatively straightforward, because
many operations are highly standardisedti@aarly in largefood processing plants
where high levels of qualitgssurance and automation are possible. By comparison,
many operations within the agricultural sector can appdahoc For example, a
farmer may decide to add additional nutrieotéeeds if cattle appear to require them,

or decide not to apply a pesticide if a ctbpt appears to be@wing well without it.

Such inherent variability nat be carefully considereddhen developing raw food
commodity flow diagrams.

Other Prerequisites

Further prerequisites have been recomadeel for effective HACCP procedures for
raw commodities (Peters, 1998;d & Hathaway, 1998) including:



e Workforce training programmes,

e Sanitary working environment (site, amenities, equipment),

e Standard operating procedures (SPfer all food production steps,
e Routine sanitation, maintenanagdavaste disposal procedures,

e Ingredient and site @mical inventories.

HACCP is a hazard management tool anddah@erequisites form the infrastructure
within which the HACCP procedure can teeveloped and implemented. Farmers and
growers are likely to refer tgovernment bodies, such as the Ministry of Agriculture
Fisheries and Food (MAFF) in the UK or affiliated organisations, such as the National
Farmers’ Union (NFU), for guidelines ftine development of these and other HACCP

procedures. For pesticides, both legislatatnd recommendations already exist e.g.:

Control of Pesticides Requlations 1986.

Legislation regarding the supply, stge, sale, advertisement and use of

pesticides.

Pesticide (Maximum Residue Levéats Crops, Foods and Feeding Stuffs)
Regqulations 1994.

Implementation of European Uniomc UK Directives regarding Maximum

Residue Levels and monitoring programmes.

Plant Protection Products Regulations 1995.

Approved systems for agricultural pesdie use within the European Union.

Code of Practice for the Safe UseRasticides on Farms and Holdings 1998.
(Also referred to as the ‘Green CodlePractical guidelines for farmers and

growers within the UK.

These documents and the associated afe&ood Agricultural Practices’ for the
control of pesticides in the food chain haeaen further developed by Knight (1998).
Codes of Good Agricultural Practider the Protection of Air 1992, Soil 1993, and
Water 1991 have also been produced by MAFF, which provide practical guidelines



for farmers regarding air, soil and water pollution. The development of similar
documentation for priority contaminants or priority contaminant/food combinations
would further benefit thisype of approach. For exampkgwage sludge application

to agricultural land is regulated in th& according to EU directive 86/278 and the
UK Code of Practice for Agricultural @sof Sewage Sludge (last amended 1998).
This identifies types of sewage sludgmtfeated, treated, deteaed cake, thermally
dried and lime-treated) suitable for useagricultural lands and provides maximum
application levels on the basis of total sludggght, nitrogen content, metal content
(molybdenum, selenium, arsenic and noriynainc) and fluoride. In 1999, the
development of the safe sludge matrix by ADAS Limited and others introduced
further controls on the use of sewage slisdgeagriculture taninimise the likelihood

of problems associated with pathogenic orgas. These procedures may also prove
to be an effective control of other coniaants in sewage sludges (e.g., persistent
organic chemical contaminants). Howeviethey do not, the Gde of Practice could

be amended to incorporate controecommendations for other classes of

contaminants.

Although these prerequisitee considered essenti@ the HACCP development
process, there has been some recentisntiof food producers that instigate these
prerequisites alone and steibe this process a@3ACCP (Untermann, 1998). The
establishment of these prerequisites piioHACCP development allows the HACCP
team to focus upon individual foodstufénd production process-specific hazards,
instead of repeatedly addressing basic feaiéty issues common to all processes.

The HACCP Procedure

European Union Directive 93/43/EEC gegding the hygiene of foodstuffs is
implemented in the UK via the Food Safety (General Food Hygiene) Regulations
1995. This places the emphasis for food tyafgoon the identification of critical
operation steps and means of controllimgl anonitoring these steps. The approach

incorporates five princigls, in accordance with HACCP.

1. Hazard analysis of given foodstuff,



Identification of all points or operatn steps at which hazards may occur,
Identification of points critical to food safety (i.e., CCPs),

Implementation of control and monitoring procedures at CCPs,

a ~ wDN

Periodical review of food hazard§CPs, control and monitoring to

ensure continued effectiveness.

Organic Chemical Hazards

Chemical hazards can be classified asfpliad chemicals, (ii) accidental chemicals,
or (iii) background chemicals. (N.B.: Thadassification system is only intended for
the purpose of discussion. Multiple expasuoutes are possible for many chemicals
and some may have be considered in $eahall three exposure classes, e.g., see
Okeeffe and Kennedy, 1998 for further discussion).

Applied Chemicals

Applied chemicals are those intentionallgjdad to foodstuffs or their ingredients.
With the exception of malicious acts (e.the use of prohibited substances or
sabotage) the use of these compounds is either regulated or the subject of
recommendational Codes of Practice. Claggeapplied chemicals commonly used in

the agricultural sector are summarisedTiable 1. Individualfarmers and growers
should ensure thately have adequatecords for the compilation of accurate applied
chemical lists. Furthermore, they should eadihat all applied chemicals are suitable

for their intended uses, i.e.:

e All applied chemicals should feod or agricultural grade,

e All applied chemicals should be administered acogréo manufacturer’'s
instructions and within the guitiees of any existing governmental
recommendations, and

e Where applied chemicals are regulated (as in the use of certain
pesticide/crop combinations), orapproved chemicals should be used.



Applied chemicals are often applied as large ‘point source’ doses so they have the
potential for high contamination, if inappragtely used. Thus, attention is usually
focused on these, and other classesootaminants (i.e., accidental and background

chemical) are rarely consideredduarrent chemical HACCP procedures.

Accidental Chemicals

Accidental chemicals are either appliedintentionally to fooduaiffs or generated
unintentionally during rearing or produati. The most common accidental chemicals
are impurities in applied materials suchaagmal feeds, water supplies, composts and
sewage sludges. However, both livestoc# &ood crops can aldoe exposed to other
site chemicals because of inappropriate usacoident (e.g., spilgge or fire). Such
site chemicals are likely to include cleagi materials, disinfectants, paints, fuels
machine lubricants and preservativésg., wood and metal treatment agents).
Accidentally generated chemicals indé those generated during food production,
processing and storage. Since minin@d processing is caed out on raw food
commodities, accidentally generated chemicals are most likely generated during
growth cycles (e.g., rearing of livestock oogth of food crop) or storage. For raw
food commodities, one class of accident@lgnerated chemicals requiring particular
consideration is natural toxins. For examplVatson (1993) desbed mycotoxins as
one of most significant hazards assamatvith cereal-based foodstuffs and Ahmed
(1992) identified scombroid dnparalytic natural toxings significant hazards to

consumers of sea foods.

Although some accidental chemicals can éadily identified (e.g., site chemicals),
farmers and growers are unlikely to hdkie necessary knowledge and/or experience
to identify and assess the significance ofsmaccidental chemicals. Consequently,
external advice will be needed if they are obliged to compile lists of accidental
chemicals. Possible sources of sucforimation include MAFF, commercial food

research associations and the NFU.

Background Chemicals



Background chemicals are ubiquitous enwimental contaminants that may enter
food chains at almost any stage of rmwd commodity production. Initially, much
research focused on polycyclic aromaligdrocarbons, polychlorinated biphenyls,
polychlorinated dibenzp-dioxins and dibenzofurans, bather classes of chemicals
including volatile aromatics, chlorinate solvents, benzenes, naphthalenes and
diphenoquinones, polychlorinateliphenyl ethers, polybramated dioxins, biphenyls

and diphenyl ethers, and synthetic musks are now receiving being to receive similar

attention.

Environmental contaminants are of partar concern if they are persistent,
bioaccumulative and toxic. Thereforemple methods have been developed to
identify priority chemicals upon the &ia of these factsr(e.g., see Wearrat al,
1996). Background environmental contamination is a complex process as humerous
exposure routes may be involved. Furthermtre,relative signiiance of individual
exposure routes will vary both contaminanid foodstuff (e.g.,ee Figure 2). Some
researchers have attempted to prediotirenmental contamant behaviour using
physico-chemical parameter screenimgdels (Wild & Jones, 1992; Wilét al.,
1995). However, as with accidental chenmscdarmers and growers will rarely have
the knowledge and experience requiredutambiguously employ such screening
models. Therefore, identifigan of priority background cheicals is likely to become

the responsibility of outside agencies.

Hazard Analysis

Once potential chemical Contaminants hdneen selected for investigation, some

form of hazard analysis is required. uafly, quantitative risk assessment would be

used for this purpose, e.g.:

HI = [[FOOd]Contaminanj

MR LContaminan
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WhereHI is the hazard index, Fpodcontaminant IS the contaminant
concentration in thenvestigated food, anRLcontaminantiS the maximum

residue level for the contanaint in the investigated food.

Although widely used by chemical wasmanagement industries (e.g. see Baain

al, 1994; Fries, 1996; Kloepper-Samtal, 1996; Valberget al, 1996) this approach

is unlikely to be suitable for many contamant/food combinations as much of the
information required is unlikely to be anable. For example, the types of
information that a farmer or growewould typically require to conduct such
procedures include:

e Contaminant levels in primary ingredis (e.g., seeds, livestock), feeds,
applied chemicals, and environmental media,

e Assessment of the relative significenaf different exposure routes,

e Food surveillance data for consumop levels (probably requiring
additional consideration for ‘at sk’ consumers; the young, elderly,
pregnant women, the sick, over-eatem)sumers with atygal diets), and

e Dose-response assessments for individual contaminants.

Such approaches have, therefore, bdencribed as a burden to HACCP unless
sufficient reliable data is available ane thisk assessment methods are kept practical,
easy-to-interpret and cost-effective (May£998). Quantitative risk assessment can,
however be applied during the develagmh of agricultural food contaminant
strategies and recommended practickscumentation (e.g., Good Agricultural
Practices, Codes of Practice). Mathenatienethods such as predictive risk
assessment have been identified as potetotdd for microbiological hazard analysis
(Untermann, 1998). However, our limited uretanding of the food chain means that
predictive chemical contaminant risk assessims unlikely to be an effective means
of evaluating food safety within most agrltural practices. Nevertheless, it still
likely to provide a useful framework fomproving our understanding of chemical
contaminants within food systems and copllaly an important fle in developing and
testing novel food safety strategiesA less rigorous approach, such as

semi-quantitative or qualitative hazard asseent, is more practical within routine
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raw food commodities HACCP. This type gdmoach has been described previously

by Lee and Hathaway (1998) and Unterm&t®99) and an example of the use of a
combination of procedures is presented here as Figure 3. The key advantage of this
type of approach is that it is flexible that hazard assessment can be tailored to the
availability of information investigatn and the experience of the HACCP team
(Mayes, 1992, 1998). Regardlesisthe sophistication of & procedures developed,
training programmes, hazard analysis guitkdj specialist computer software and

external auditing should all be used wherever possible.

| dentification of CCPs

Any stage of food production can have aftuence upon the propés of a finished
foodstuff. Within HACCP, activities or operatis that affect food safety are defined
as control points (CPs) andcantrol action is an activitgr operation that can either
eliminate or reduce an existing hazar@s hazards) or prevent the subsequent
development of an introduced hazard (or haardsCP that is atical to food safety

is a critical control point (CCP). Accuraéssignment of CCPs @ucial to efficient
and economical deployment of monitagi control and corrective resources
(Havelaar, 1994; Bovest al,1997). However, this is both a complex and demanding
procedure (Sperber, 1992; Tompkin, 19%hd misassignment of CCPs has been
identified as a major cause of inetfive HACCP (Untermann, 1999). To simplify
the procedure, CCP assignment decisieedrare often used.ge see Mayes, 1992;
CAC, 1993; ILSI, 1993; Figure 4).

The International Commission on Microlgiical Specifications for Foods (ICMFS)
has proposed that CCPs be further classdeéither CCP1s, (CCPs at which control
is assured) or CCP2s, (CCPs at which részaan only be minimised and control can
not be completely assure@CMFS, 1988). Although thispgproach is widely used
(e.g., see Bryan, 1992; Cordier, 1994; Tamp 1994), it has beewriticised for
giving the impression that CCP1s were ab®olassurances of safety (Buchanan,
1990; Untermann, 1998). Lee and HathayB$98) classified chemicals hazards as
C1l (identified chemical hazards), and Qidentified chemical hazards) types.
Conventional HACCP focuses upon C1 typadrds. CCPs can also be assigned for
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unidentified hazards but the nature oé thazard has to be defined. For example,
contamination of foodstuffs by unidentidieorganic chemicals in production water
can be minimised by ensuring the qualitywster supply, instigang pre-processing
clean-up procedures and/or minimisinge volumes used in food production.
However, it should be noted that Ggpe CCPs are unlikely to be true CCPs
according to the classical definition, because the effectiveness of monitoring

procedures and correctiaetions would be unknown.

Organic Contaminant Control

Five general types of contractions should be consiaet within the agricultural
sector: inspection, assurance of site quabissurance of ingredient and packaging
quality, adherence to safe production pas, process optimisation, and maintenance

of production equipment.

Inspection

Inspection steps are obvious stages fobd production to exert control but
contemporary analytical monitoring procedufesorganic chemical contaminants in
foodstuffs are often expensiy sophisticated and tim@mnsuming (Gilbert, 1994).
Therefore, economic factors are likely toilithe routine use aénalytical inspection
to large organisations rather than smaitd medium-scale agricultural units such as
freehold farms and specialist food prodwgcéiouve, 1994). Most data available for
this sector is likely to be inferred fromxternal surveillance exercises or model
systems. Therefore, the emphasis of orgahiemical HACCP procedures will likely
be placed on other types of control anti Development ofmore rapid, robust,
economical and ‘user-friendly@nalytical methods is esd& if analytical inspection

is to play a significant role in futurerganic chemical HACCP procedures for the

agricultural sector.

Assurance of Site Quality
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For each production operationgttocal environment is a fential source of organic
chemical contamination. In agriculture piiaes, most operationare carried out in
the open, therefore, site hazard analysigprobably the most practical means of
identifying associated chemical hazar@®il, vegetation, rain war, river water and

air should all be consideraad turn and all available evidence evaluated, including:

e Specific data for the local envirommt (e.g., contaminarot spots’),

e General contamination problems within the UK (e.g., UK priority pollutant
sources), and

e Hazards associated with externabcal activities (e.g., potential

contamination from local industry).

As previously discussed, this type of apgch will require some degree of external
input (i.e., training, guidelines, software auditing). A stratifiedapproach, similar to
the Dutch ABC system for contaminateddabio-remediation, could be developed for

the classification of potential food production sites, e.g.:

A. No food production (strong evidenceathuse of site would result in
production of hazardous foodstuffs),

B. Permission required (evidence that @memore inputs to the site is a
potential hazard to food productiorDefault
classificatior),

C. No restrictions (all available evidence indicated that site is safe
for food production. Only adherence to normal
recommended food production practices

required).

Designating ‘B’ as the default position meahat all new sites automatically require
external assessment before they carused for food production. Furthermore, the
classification of most food production sitas ‘B’ would make routine auditing and

assessment compulsory activities for the majority of sites.
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The ‘B’ category could be further stratfieaccording to any restriction placed upon
food production:

B1l. Site unsuitable for food producticand no food production is allowed.

This status is analogous to ‘A’ and site should be so designated such until

contrary evidence is provided.

B2. Site suitable for food productiomlthough monitoring and special
practices may be required irddition to normal recommended food
production practices,

B3. Site suitable for food production lattugh monitoring may be required in
addition to normal recommendléood production practices,

B4. Site suitable for food productionlt@ough special practices may be
required in addition to normal recwnended food production practices,

B5. Site suitable for food production thi only adherence to recommended
food production practices. This statssanalogous to ‘C’ and site should

be designated such until contrary evidence is provided.

This approach could be interpreted as@G@¥, e.g. production siteas been identified
as a potential CCP (Sperber, 1992). @ombation can result from a number of
agricultural practices.For example, long-term use eéwage sludge in agricultural
practices has resulted in increased lewdl®rganic chemicals in soils (Korentajer,
1991). Compliance with relevant Codes add®ice is likely to behe most practical
method of controlling such potential soas of contamination. However, chemical
contamination can also result from aciest beyond the control of individual farmers
or growers. For example, a cereal farneeuld do very little to control airborne
contamination of crops by paihlorinated dibenzo-p-diaxs and dibenzofurans as a
result of inappropriate incineration prigets at manufacturg sites not directly
adjacent to the production site. In such casestrol actions, such as the regulation of
significant external contamination sourceqyuwd have to be the responsibility of a
government body able to implemt corrective actions, i.e., set and enforce regulatory
limits. One of the identified strengths of HE® is that it places the responsibility for

ensuring control of a given production operation upon thevisual (or individuals)

carrying out that operation. This is widely believed to provide an incentive for safer

production practices as well as an increéasaderstanding of &ty issues (WHO,



15

1993; Mayes, 1994; Mot al., 1994; Tompkin, 1994). Furth@ore, it is unlikely

that corrective actives could be implemented effectively, i.e., in time to save existing
food commodities. Consequently, this typecohtrol probably camot be considered
HACCP according to the strictest definitiobhfowever, it should not be ignored, as it
would be an important component of antegrated chemical contamination
management plan. Practically, such an apph would probably & to be managed

by a single body (e.g., the proposed Foah8ards Agency) and incorporate:

e General agricultural prodtion protocols (e.g., GAPS),
e Product- and process-specific protocols (e.g., HACCP), and
e Environmental management (e.g., guatory control of external

contamination sources).

Assurance of Ingredient and Packaging Quality

A wide range of ingredients are usedhe production of radood commodities, e.g.,
see Table 1. Other materials that are tezdilyi not ingredients are also likely to
come into contact with foodstuffs withithe agricultural sector, e.g., water or
packaging materials. Farmers and groweukhtake all reasonable steps to ensure
that these are suitable for their intengedpose and only purchased from reputable
suppliers. Similarly, all ageultural ingredients and matakisuppliers should ensure
that all materials sold fouse in food production are igable for their intended
purposes and supplied with supplier aasge documentation and correct usage
instructions. Knight (1998) identified two main categories of supplier assurance:
supplier approval and supplispecifications. Under suppti@pproval, the supplier is
required to demonstrate th@} they are reputable, (iilaw materials and processes
used in the production of the supplied goads in accordance with their intended
uses, and (iii) quality assurance proceduresediective. Various criteria have been

proposed for approved supplier status, including:

e Previous trading history,

¢ Membership of a recognised trade association,
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e Accreditation within an accepted quality assurance scheme (e.g., 1SO
9000, EN29000, SQF 2000, Assured Camble Crops Scheme), or

e [Food grade or agricultural gradiassification of supplied goods.

Under supplier specification, the supplier gudees that all supplied goods will meet
all specifications defined in the purchasmiract. In some cases these specifications
can be very specific (e.g., supplied ingredients for specialist foodstuffs). More
frequently, these specificatiotend to be based on genaralustry standards, such as
the United Kingdom Agricultural Suppl Trade Association (UKASTA) Grain
Contract or the Campden & ChorleywoodoBHoResearch Association Food Quality
Specifications for the fruit and vegetable@essing industries. Wherever available,
supplier specification of maximum accdpta residue levels for identified
contaminants within supplied goods would the most effective means of chemical
HACCP ingredient quality assurance.

Adherence to Safe Production Practices

A prerequisite of HACCP is the developnt of SOPs in accordance with current
understanding of safe production practices which generally address non-specific food
safety issues. However, specific recommeiotda may be made regarding the safe
use of certain ingredients, processingrapens or ingrediefprocessing operation
combinations or safe production of certdoodstuffs. It is these safe production
practices which should beldressed within the HACCP qmedure. A number of key
factors have been identified for the exffive use of adherence to safe production
practices as a contraction with HACCP:

¢ Production Practices need to be defl according to current understanding
of safe production practices. Infortitm sources are likely to include
relevant GAPs, Codes of PracticéAssured Practices Protocols,
government recommendations and legeguirements, recognised trade

association guidelines and suppliggredients handling instructions.
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These should be used to develop product-specific SOPs for the safe
production of the individual foodstuff under consideration.

e All workers involved in the defined procedure need to be adequately
trained to carry out their indiviégd responsibilities. A number of
publications have discus$ehis area in detailand education has been
identified as a significant factor effective HACCP (WHO, 1993; Mayes,
1994; Moy et al., 1994; Tompkidi994; Khandke & Mayes, 1998).

¢ Documentation and validation procedune®d to be developed that can be
used to demonstrate thie handling procedures\ebeen carried out as
defined (Sperber, 1996). External amtitation is normidy incorporated
into this type of approach as aeams of increasing consumer confidence
and demonstrating ‘due diligencgILSI, 1993). Quality accreditation
systems, such as EN 29000, ISO 9000 or SQF 2000, are commonly
recommended for this purpose.

Process Optimisation

For microbiological hazards, processingagiices such as heat treatment or
pasteurisation are often used to control or eliminate hazards that have previously
developed in a given foodstuff. Howeyeaw food commodities are unlikely to
undergo any more than basic processing, e.qg:

For fruit: Cleaning, washing, sorting, packaging.
For vegetables: Cleaning, washing, sorting, packaging.
For cereals: Deinfesting, domg, dehusking or shelling,

conditioning, dehydrating, rolling, milling, packaging.

For milk: Chilling, homogenising, pasteurising, bottling or
packaging.
For raw meat: Skinning, boning, eviscerating, cleaning, size

reduction, chilling, packaging.

For raw fish: Cleaning, descalinfijleting, chilling, packaging.



18

Furthermore, although current research aaths that these typeof processes can
reduce residue levels of some chemical contaminants, the observed decreases are
typically small (i.e., lesshan 50%) or even insignificant (e.g., see Dejonckheere

al., 1996). Therefore, processirgjone should not be retleupon to eliminate or
significantly reduce hazards associated with chemical contamination and process
optimisation is, at best, likely to providaly CCP2 type control (hazard minimisation

but control not assured) as part af raw food commodity organic chemical

contaminant HACCP procedure.

Maintenance of Production Equipment

Poorly maintained equipment is a potential source of contamination. For example,
incorrectly calibrated spraying equipmenteaking fuel tanks on farm vehicles could
both cause chemical hazards to food prdidac Consequently, all relevant site
equipment should be in good working ordéwo types of maintenance procedures
are normally recommended: routine pretadine servicing and fault repairs. All
personnel responsible for such activitishould have appropiate training and
qualifications. Wherever contract services ased to maintain site equipment, both
the employer and contract service managenskould take all reasonable steps to
ensure that all personneiviolved are suitably trainedhd qualified. One example of
this type of approach is the voluntary sprayer tekese run by the Agricultural
Engineers Association (AEA), which involvesutine testing and pair of spraying
equipment by AEA-affiliated companiesa certifications of property maintained

spraying equipment.

Chain of Responsibility

No single action is likely to ensure foodfetg. For example, analytical inspection
only guarantees product assurance at ittgpection point. Similarly, most safe
production practices are onlysigned to ensure thatgiven production step does not
become a significant hazard. Therefore, it is usually important to use control methods

in combination to establish an assured supply chain. Knight (1998) recommended that
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“All raw materials should be identified isuch a manner to enable them to be
identified at all steps up tase; all in-process products shibbe identified in such a
manner to maintain product identificationdaiinished products should be identified

in such a manner to allow a defined prdilut run to be identified.” The purpose of

an assured supply chain is to provide a traeeadrord of the production process that
requires a chain of responsibiliyithin which each individal is responsible for their

part in the food production process. One eplenof this type ofapproach is the
UKASTA scheme for the assured supply, mdisttion and intermediate storage of
cereals and other combinable crops arel fanufacture and digiution of animal
feedstuff products. When a crop is growasvested, processed and packaged at a
single site the supply chain cae readily (and unambigusly) identified. However,

raw food commodities are often sent to secondary sites for processing (e.g., meat
abattoirs, cereal mills, packaging plants) and many of these sites deal with multiple
suppliers or even wholesalers. In swases, some degree of product mixing (e.g.,
overlap of product batches ortbla blending) is likely to ocau Therefore, it may not
always be possible to trace finished produmsk to individual harvests. However,
even in cases where ingredient batches were mixed, the combination of an assured
supply chain and an effective HACCPopedure provides evidence that “all
reasonable precautions” were taken and‘itha¢ diligence” waexercised during the

production of a foodstuff (see ILSI, 1993 for further discussion).

Periodical Review of HACCP Procedure

Once developed, HACCP procedures should be implemented quickly with minimum
disruption to food production. The ma®ment and periodical review of the
procedure is the key to its continusdccess (Khandke & Mayes, 1998; Sperber,
1998). Under normal conditions (i.e., whproduction is under control) reviews of
production practices and assateid documents act as assurance that the HACCP
procedure has been correctly adheredirtothe event of corrective actions being
taken, reviews of the conditions that résd in their implenentation and their
effectiveness can be used to evaluate dffectiveness of the implemented HACCP
procedure (ILSI, 1993). The occurrence refyular or preventable control losses

indicates a need for theassessment of the HACCP pealure, reformulation of
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product or even redesign of the protloic process (Stevenson & Humm, 1992;
Sperber, 1992). This type of constafgedback” allows a HACCP procedure to
evolve with changes in the production environment and remain effective under
conditions where other more structuregessment protocols would fail (Savage,
1995).

Discussion

The Pillsbury Company developed HACCP timee 1960s, to ensure the safety of
foodstuffs consumed during space flights (APHA, 1972; Pillsbury Company, 1973) to

overcome limitations of end-point testing.rlexample, within end-point testing:

e Large proportions of a food have to taken for analysis to ensure the
samples are representatnfethe foodstuff in question,

e Food safety is only ensured for tested hazards at the point of testing,

e Tests are often expensive, timeasuming, difficult to interpret and
destructive,

e Control of hazards is reactias opposed to proactive, and

e Responsibility for food safety idocused upon a relatively small

component of the workforce, qualidgsurance and control personnel.

For microbiological hazard control, HACOkas been shown to be more effective,
reliable, economical and ptézal than conventional engbint testing (Mayes, 1992;

ILSI, 1993; Mayes, 1994; Moyt al., 1994; Tompkin, 1994). All aspects of food
production, distribution, retail and domesticse are considered as part of the
development of the HACCP procedure (Reimers, 1994). Furthermore, the approach is
flexible, which means that it can be regdildapted to incorporate existing hazard
control procedures or be darporated into larger integrated quality management
programmes (Mot al.,1994; Savage, 1995; Peters, 199&pplication of HACCP

to organic chemical contamination ifoodstuffs would likely result in similar
advantages as it is probably the mo$eaive hazard control procedure currently

available. However, if HACCP is to baoe a more effective means of controlling
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organic chemical contaminants in raw food commodities some issues must be
addressed. These include problems relatestitly to the agricultural sector and some

directly to the development chemical HACCP procedures.

Many agricultural operations can la& hocand even subjective. For example, a
farmer may decide to alter a routine preetif a crop is not developing as expected.
The alteration employed is likely to havedn developed as the result of years of
experience of the agricultdraite and/or food crop. Sugbractices ould therefore
vary significantly and this variability iBkely to be unavoidable as purchasers (and
consumers) are likely to expect consistpriaducts (i.e., similayield, appearance,
texture and flavour) form a product environmémt is itself inheently variable. In
terms of food safety, the mosbvious consequence of this type of approach is a
potential variability in the levels of hazisr associated with the raw food commodities
produced, which has to be recognised when assessing hazards and developing food
safety strategies. However, other compuseof HACCP wouldbe affected. For
example, care would be required wheeveloping flow diagrams, SOPs and
processing documentation to prevent tintroduction of impractical working

practices.

Both analytical monitoring and procesgtimisation are effective and economical
components of microbiological HACCP. Howver, their limitel use within the
agricultural sector with respect to cheal hazard control means that they are
unlikely to become significant componemiscurrent chemical HACCP procedures.
Consequently, current procedures are Vikiel focus upon raw ingredient sourcing
(supplier approval and certification) ancethdherence to safgoduction practices
within an assured supply chain. One leksious consequence tfis approach is
that control is likely to relyupon a series of CCP2s. érbfore, chemical HACCP is
unlikely to be as efficient as microbiolegi HACCP, within which safety can usually
be ensured using a limited number of cdigfselected CCP1s. Thus, there is a need
for continued development of both processimsation and analytical techniques if
they are to become mormggnificant components ofuture raw food commodity

chemical HACCP procedures.
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Individual farmers and growers are unlikébyhave the necessary experience and/or
knowledge to identify chemical hazards atelelop effective condl strategies and

will need to rely on external advice when developing HACCP procedures. Possible
sources of such information include gowaent bodies such as MAFF, commercial
organisations, such as Campden & Udywood Food Research Association and
Leatherhead Food Research Associatiorg affiliated organisations, such as the
National Farmers Union. These organisatishsuld therefore ensure that all relevant

information is easily accessible and regularly updated.

Some chemical hazard contsifategies have already beg@m are in the process of

being) developed, e.g., pesticide handlingicadfural sewage sdge application and
packaging material assurance schemes. Wherever such schemes exist they should be
incorporated into the HACCP procedure @ampletely as possible to avoid any

unnecessary repetition.

Generic Organic Chemical Contaminant HACCP

Generic organic chemical contaminant €BBP procedure templates are presented
below for three classes of raw food cooities (i.e., food crops, raw meats, and
milk). These templates were designed te used in theroduction of specific
foodstuff flow diagramsrad HACCP procedures. For example, the cereal production
template could be used to develop a dpefiow diagram and HACCP procedure for
organic chemical contaminants during fiveduction of wheat. Consequently, these
templates should only be used as guidelines for the development of HACCP

procedures.

Food Crops

A number of publications have recogriséhe potential beni$ of developing

HACCP or HACCP-type approaches for theguction of cereal crops (van der Veen,
1994; Knight, 1998; Peters, 1998). Pet¢l®998), for example, described two
predominant Australian approaches toG&2P for fruit and vgetables: the SQF 2000
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Quality Code and the Woolworths Vend@uality Management Standard (WVQMS).
The fact that both systems are voluntary #ncd party certified is believed to be a
significant factor in their widespread actamce. Knight (1998) published a detailed
and highly practical guide to the implemation of a HACCP-based system for
pesticide use with food crops. Nickelsand Jakobsen (1996) described the use of
hazard identification, exposure assesdmealose-response assessment and risk
characterisation for raw materials used the production of a fermented maize
foodstuff, ‘kenkey,” and recommended thse of HACCP-based framework for this

approach.

A typical generic procedure ifdhe production of crop plés is presented in Flow
Diagram G1 and associatedzhad control methods are iddied in Table G1. Flow
Diagram G1 depicts crop growth and @essing steps commonly associated with
cereal production. However, with minor mbcitions this procedure could also be
applied to other crops, such as frahd vegetables. Before beginning crop
production, the growing site, water suppleasd all associated equipment should be
assessed with regards to all chemicahtaminants under consideration and their
suitabilities for all intended use determined (Table G1, controls A, E, F and G,
respectively). Similarly, all previous prao#is carried out upon tts#e should also be
reviewed and should be demonstratedb® non-detrimentato crop production.
Further to this point, any actions thatvhabeen undertaken to minimise hazards
resulting from previous site activitiebauld be fully documented (Table G1, control
C). All reasonable measures should be talkeensure that seestock are free of
contamination. There are two likely sources of seed stock: previous harvested and
purchase. Seed stock produced in previougdsss are likely to hae been stored over
winter and may have been treated prdav either spoilage or infestation.
Consequently, a number of potential contr@dasures should be considered for such
seed stocks (Table G1, stoeagjte controls A, B, D, @nd H, respectively). All other
seed stocks should be purchased frompateble supplier (Table G1, control B) and
relevant analytical monitoring data shouldrbgquested if availabl(Table G1, control
K). During their growth cyds crop typically develoghrough a number of distinct
stages. In the case of cereal production tliscrete steps have been identified in
Figure G1, i.e., sowing, crop establishmegarly vegetative growth), stem elongation

(late vegetative growth), ear emergerfeproductive growth) and ear development
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(grain ripening). The number and natwe growing steps should be modified to
reflect the crop under consideration. Eaoh these steps should be considered
individually because the aciiles in each are likely to vary considerably. For
example, certain pesticides can only beed during certainstages of crop
development. Typical controls include Tal@4, controls C, D, E, F and G. Similar
consideration should be given to harvestiRgocessing is likely to take place at a
different site. Consequently additional site and equipment assessments will be
required (Table G1, controls A, E, F andr&spectively). All subsequent processing,
storage and associated activities (i.¢e and equipment maintenance and cleaning)
should be carried out according to goodrkiteg practices, using chemicals and
materials suitable for their intended purpofEsble G1, controls D, G, H, | and J).
For cereals, conditioning is a drying procdesigned to inhibit microbial activity that
may also reduce levels of volatilenda semi-volatile organic contaminants.
Furthermore, at typical opating temperatures, 60 to |0 it is unlikely to result in

the generation of hazardous pyrolysis prasludherefore, conditioning (time and
temperature) is a potentially promising CCP. However, such extreme conditioning is
not always practical for morperishable plant crops su@s fruit and vegetables.
Multiple batches of crops are likely to be combined for wholesale as manufacturers
and retailers commonly purchase such cowtres in bulk. Where such activities
occur, all component batches shoudd accredited (e.g., produced according to
HACCP) and traceable. Analytical monitoring ynalso be carried out at this stage,
e.g., at the request by a potenkialk buyer (Table G1, control K).

Raw Meats

The International Commission on Microbiological Specifications for Foods (ICMSF,
1988) identified HACCP as the most etiege means currently available for the
control of microbiologicahazards in raw red meat, poultry and fermented sausages.
ICMSF (1988) also recommended the wideagdrase of HACCP within the meat and
poultry industries and identified specific CCPs for the contraabfinonella Franco

et al (1990) identified a number of potential €€ associated with the slaughter of

cattle, swine and sheep, including pre-sldaegkransport, slaught and evisceration.
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Hathaway and McKenziel991) recommended the rowinnspection of carcasses
and offals as a means of minimising both microbiological and chemical
contamination. Tompkin (1990) discussed #pplication of HACCP to both raw and
processed meat products and later produgpenkeric HACCP procedures for meat
products (Tompkin, 1994). Tompkin (1994) alaygested that the effectiveness and
efficiency of HACCP justified its use bydhmeat industry, regdesbs of legal status.
The New Zealand Ministry of Agriculturadentified a number of limitations to
existing raw meat HACCP procedures autiressed these problems by developing a
generic template for raw meat HACQRZ MA, 1997; Lee & Hathaway, 1998).

A typical generic procedure for raw beebguction is presented in Flow Diagram G2
and associated hazard control methods ardifeehin Table G2. In this case some of
the identified steps are specific towrebeef production (e.g., the post-slaughter
processing procedure). Consequently thi®cedure should be modified before
application to other meats (e.g., pork, laorpoultry). Before beginning beef cattle
production, the rearing site, water suppléesl all associated equipment should be
assessed with regards to all chemicahtaminants under consideration and their
suitabilities for all intended use determh (Table G2, controls A, F and J). All
previous practices carried out upon the sheuld also be reviewed and should be
demonstrated to be non-detrimental to livektd-urther to this pot, any actions that
have been undertaken to minimise hazamsulting from previous site activities
should be fully documented &ble G2, control J)All reasonable measures should be
taken to ensure that cattle selected farirgy are free of contamation. A number of
controls should be considered for aathorn on-site: background contamination from
the site, site practices and site chemicalsb(@ G2, controls A, G, H, | and J). In
addition, a significant propodn of the maternal pamés body burden of organic
chemical residues can be traerséd to the offspring. Therefrthe maternal parent is
a potential CCP both at birtlnd during weaning (Tablé&2, control B). All other
cattle should be purchased from a reputabigplier (Table G2, control C). The flow
diagram used in this example divides thielastages of remg into post-weaning
calf and adult beef cattle. This division waade because calves and adult beef cattle
are likely to be treated differently (e.g.ffdrent feeding praates, different degrees
of medical attention, different locationgjurthermore, calves are likely to be more

susceptible to chemical contaminants. Consequently, hazards may have to be assessed
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differently depending upon the age of @n@mal under consideration. Additionally,
cattle can be moved around significantyring rearing for grazing or medical
treatment, or housed in barns during wimgror bad weather. Therefore, a wide
range of controls (e.g., TablG2, controls A, D, E, F, G, H, | and J) must be
considered separately for each discrattivity identified (e.g., field grazing and
enclosed rearing). Selection for slaughtethis final stage at wbh livestock can be
assessed. Thus, this ispeactical point to reviewthe HACCP procedure and any
additional evidence for chemical hazar@@able G2, control K). All subsequent
processing, storage and assaiaactivities (i.e., site @equipment maintenance and
cleaning) should be carried out accordioggood working practices, using applied
chemicals, materials and site chemicalgafle for their intended purposes (Table
G2, controls G, H, L and M). Skinning érevisceration have Hotpreviously been
identified as potential CCPs for chemical residues (Lee & Hathaway, 1998).
However, it is currently unclear how effedithey are. Separabatches of meats are
only likely to be combined after procesgi(e.g., during wholesalor retail). Where
all component batches should be accredjeeg., produced according to HACCP) and
traceable. Although uncommon, analyticabmitoring may be carried out at this
stage, e.g., at the request by a piaébulk buyer (Table G2, control N).

Milk

HACCP principles have den widely discussed andccepted within the dairy
industry. HACCP has been recommended as a quality assurance system for cultured
dairy produce, pasteurised milk, non-fiied milk, cheese and yoghurt (Bigalke,
1981; Christian, 1987; van Schothorst & Klei$894). Christian (1987), for example,
concluded that HACCP approaches ofterggnificant advantages over traditional
quality assurance methods. Gravaand Bandler (1987) recommended the
incorporation of existing quity assurance methodsithin HACCP and described
HACCP procedures for micratibgical and physical hazards in natural cheese plants.
Van Schothorst & Kleiss (1994) discussee #pplication of HACCP to chemical,
microbiological and physical hazards arahcluded that HACCP was applicable to
all forms of dairy food processing. Hensetnal (1999) carried out an extensive study
of HACCP within the UK dairy sector,nd concluded that HBCP provided both
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significant financial and pracal advantages over traditional safety assurance
methods.

A typical generic procedure for milk prodian is presented here as Flow Diagram
G3 and associated hazard control methoddisted in Table G3. The early stages of
milk production (i.e., the rearg of the calf) are similar tthose previously described
for beef production. The rearing site, watipplies and all associated equipment
should be assessed with regatd all chemical contamamts under consideration and
their suitabilities for all inteded use determined (Tabl&&ontrols A, F and J). All
previous practices carried out upon the sheuld also be reviewed and should be
demonstrated to be non-detrimental to livektd-urther to this pot, any actions that
have been undertaken to minimise hazawsulting from previous site activities
should be fully documented &ble G3, control J)All reasonable measures should be
taken to ensure that cattle selected farirgy are free of contamation. A number of
controls have to be considered for caliben on-site: backgumd contamination from
the site, site practices and site chemicals IEF&3, controls A, G, H, | and J) and the
maternal parent both at birth and durwganing (Table G3,antrol B). All other
cattle should be purchased from a reputaipplier (Table G3, control C). In this
example subsequent rearing is divided i@ steps: post-wearg calf and adult
dairy cattle. As with beefattle, dairy cattle can be moved around significantly during
rearing. Consequently, these steps are furdihneded into sub-gyups to reflect this
behaviour (e.g., enclosed rearing, field gngzand calving). Eachf these activities
should be assessed separately and a nuafb@yntrols may have to be considered
(e.g., Table G3, controls A, D, E, F, G, Harld J). Calving is, ieffect, the first step
of the milking process, and it should dssessed during the HACCP procedure (e.qg.,
Table G3, controls A, D, E, F, G, H, J and K). The potential transfer of
contaminants from dairy cattle to milkuring milking should also be considered
(Table Z, control L) along with any actiwet associated withitking (e.g., Table G3,
controls A, F, G, H, | and J). All subguent processing, sage and associated
activities (i.e., site and equipment mamdace and cleaning) should be carried out
according to good working practices, usiagplied chemicals, materials and site
chemicals suitable for their intended purpofEsble G3, controls G, H, M and N).
Separate batches of milk are likely to dmmbined either on-gtor after production

by a wholesaler or retailer. Where suchnai¢s occur, all component batches should
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be accredited (e.g., produced accorditog HACCP) and traceable. Analytical
monitoring may be carried out at this s#a@.g., at the request by a potential bulk
buyer (Table G3, control O).
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Classes of applied chemicals commom$ed in the agricultural sector.

Raw Food Commodity  Applied Chemicals

Vegetables

Fruit

Cereals

Milk

Raw meat

Raw fish

Herbicides, insecticides, fertilisers, nutrients,
disinfectants*, detergents*, fumigants*

Herbicides, insecticides, fertilisers, nutrients,
disinfectants*, detergents*, fumigants*

Herbicides, insecticides, fertilisers, nutrients, growth
regulators, disinfectants*,detergents*, antioxidants*,
fumigants*,

Antibiotics, otherveterinay drugs, mineral supplements,
vitamin supplements, protein supplements, growth factors,
digestion enhancers, amtidants*, disinfectants*,
detergents*,

Antibiotics, other vetadary drugs, mineral supplements,
vitamin supplements, protein supplements, growth factors,
digestion enhancers, pmgatives*, antioxidants*,
disinfectants*, detergents*,

Antibiotic$, disinfectants*, detergents?,

* Normally associated with post-harvest or post-slaughter activities.

Normally only associated with farmed fish.



Agricultural Sector
(e.g., farmer or grower)

A 4

Raw Food Distribution
(e.g., wholesaler)

A 4 A 4

A 4

A 4

Raw Food Retail
(e.g., shop, supermarket

Processing Section
(e.g., food manufacturer

A

Y

Processed Retail

(e.g., shop,

supermarket]

Domestic Sector
(e.g., consumer)

Figure 1:

Some Examples of Typical Food Supply Chains.
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AIRBORNE CONTAMINANTS

P?‘”"’“."’?‘te Rain Air
Disposition
WATERBORNE VEGETATION
CONTAMINANTS CONTAMINANTS
]
Aqueous Phas Sorbed
1
e 1> <
Particulate Surface
[ ‘ \ 7
| |1
Sorbed Surface

SOIL CONTAMINANTS

Figure2: Schematic Representation of Potential Exposure Routes for the Contaminati@if of Be
Cattle by Ubiquitous Environmental (Background) Chemicals.



HAZARD IDENTIFICATION

- =

HAZARD ANALYSIS PROCEDURE

Applied Chemical Unidentified Impurities, Raw Ingredient
and Identified Impurities Residues and Environmental Residues
Quantitative Risk Analysis Semi-quantitative and
Quialitative Hazard Assessment
R \ 2

Processing Related Hazards

Semi-quantitative and
Qualitative Hazard Assessment

A 4 A 4

Final Decision on Significance of Identified Hazard

- =

HAZARD ADDRESSED WITHIN HAZARD PROCEDURE

Figure 3:

- =

Example of the Combined Use of Quantitative, Semi-Quantitative and Qualitative
Approaches with Hazard Analysis.
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For each raw material:

Could raw material realistically
contain hazard under consideration
at level dangerous to consumersf?

v v
YES NO
Will processing, including correct Repeat for remaining
consumer use, guarantee the elimination raw materials

of hazard or reduction to level
regarded as safe?
I

\{ v
YES NO
Repeat for remaining Raw material quality MUST be regarded
raw materials as CCP for this hazard

Figureda: CCP Decision Tree for Raw Materials as Developed by Mayes, 1992.



For each Formulation:

Is the formulation composition or
structure of the intermediate product
or final product essential for
preventing increase in hazard
under consideration?

[
v v

YES NO

Repeat for remaining
Formulation composition or structure raw materials
must be regarded as CCP for this hazard

Figure4b: CCP Decision Tree for Formulation as Developed by Mayes, 1992.

42



43

For each process step:

Could this process step realistically
introduce hazard under consideration
or allow it to develop to a level
dangerous to consumers?
I

v v
YES NO
Will subsequent processing, including Is this process step intended to remove,
correct consumer use, guarantee the inhibit or prevent hazard occurring or
elimination of hazard or reduction to level developing to a level dangerous
regarded as safe? to consumers?
| |
v v v v
YES NO YES NO
Repeat for remaining Processing step MUST be regarded Repeat for remaining
raw materials as CCP for this hazard raw materials

Figuredc: CCP Decision Tree for Processing as Developed by Mayes, 1992.



Site and Equipment Preparation

Seed Produced On-site
Storage
Purchased v
Seed Supply Seed Treatments
| |
Growing ¥

Sowing

v

Crop Establishment

v

Stem Elongation

v

Ear Emergence

v

Ear Development

Flow Diagram G1:

4

Harvesting

Processing

Site and Equipment Preparation

v
P Deinfesting | Dehusking
v
Sorting <
v
Conditioning Rolling
v
> Milling
A
Site Preparation | Storage
Wholesale
y Y v
Storage ] Combining

4

Retail

A

Harvesting Equipment
Preparation

‘Generic’ Flow Diagram for Crop Plant Production.
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Table G1: Typical Hazard Controls for Crop Plant Production.
Control  Hazard Control Measur e(s) Critical Limit(s) Monitoring Corrective Action(s)
A Contaminatiorfrom Site assessment as part of  Site classification as suitable Regulator approval, Review site classification
background environment assured scheme for intended practice Routine reassessment Reassess site designation
Document actions taken
B Previous contaminant of Seed produced according to Documentation (e.g., HACCP)Site Documentation Reassess herd husbandry
seed stock accepted practices Document actions taken
Seed purchased from Supplier approval, Supplier documentation  Review supplier status
reputable suppler Seed certification Review alternative suppliers
Document actions taken
C Contamination from field All field practices according to Adherence to GAP, SOPs Site documentation Review procedures
practices (e.g., sewage good working practices and all Review workforce training
sludge application) materials used suitable for Document actions taken

their intended purpose
Supplier approval,
Material certification

D Excess residues of All applied chemicals Supplier approval,
applied chemicals purchased from reputable Chemical certification
(also contamination by  suppliers and applied
impurities in applied according to god working
chemicals) practices Adherence to GAP, SOPs
E Field applications All field applications Adherence to GAP, SOPs
produced on-site produced on-site according to
previously contaminated accepted safe practices, using
(e.g., composts) assured ingredients

Supplier approval,
ingredients certification

Supplier documentation

Supplier documentation

Site documentation

Site documentation

Supplier documentation

Review supplier status
Review alternative suppliers
Document actions taken
Review supplier status
Review alternative chemicals
Review alternative suppliers

Review procedures
Review workforce training
Document actions taken
Review procedures
Review workforce training
Document actions taken

Review supplier status
Review alternative suppliers
Document actions taken
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Table G1: Continued...
Control  Hazard Control Measure&(s) Critical Limit(s) Monitoring Corrective Action(s)
F Contaminatiorfrom Assure water supply Use assured water supply Local Water Authorities ~ Review supplier status
water supply (Domestic and river water and/or Environment Review alternative water supplies
supplies) Agency documentation Document actions taken
G Contamination from site Ensure all equipment properly Maintenance programme, Maintenance records Review maintenance procedures
equipment maintained GAP, SOPs Review workforce training
Review alternative procedures
Document action taken
H Excess residues from siteAll site chemicals purchased Supplier approval, Supplier documentation  Review supplier status
chemicals (e.g., from reputable suppliers and Chemical certification Review alternative chemicals
sanitisers, detergents,  applied according to Review alternative suppliers
disinfectants) instructions
Adherence to GAP, SOPs Site documentation Review procedures
Review workforce training
Document actions taken
I Contaminatiornrisk All processing practices Adherence to GAP, SOPs Site documentation Review procedures
associated with according to god working Review workforce training
processing step practices and all ingredients, Document actions taken
applied chemicals, process
chemicals and materials used Supplier approval, Supplier documentation  Review supplier status
suitable for their intended Material certification Review alternative suppliers
purposes. Document actions taken
J Contaminatiomisk All packaging materials and Adherence to GAP, SOPs Site documentation Review procedures
associated with practices according to good Review workforce training
packaging working practices and all Document actions taken
ingredients, applied chemicals,
process chemicals and Supplier approval, Supplier documentation  Review supplier status
materials used suitable for Material certification Review alternative suppliers
their intended purposes. Document actions taken
K Contamination of Analytical monitoring Maximum acceptable residueAnalytical report Review procedures

ingredient, intermediate
or finished product.

level or ‘zero tolerance’

Review relevant supplier status
Review relevant alternative
suppliers

Document actions taken




Site Preparation Slaughter
> Holding < Site Preparation
Born On-site v
Maternal Assessmen Stunning
Purchased v v
Livestock Supply Weaning Calf Slaughter
| | v
Rearing \ 4 Skinning
Post-weaning Calf v
[ Eviscerating
+ + (de-boning) l
Field Grazing |« »  Enclosed Rearing v : Size Reduction
(e.g., wintering, barn Inspection » (e.g., cutting, mincing)
realring) !
v Storage ¢
Adult Beef Cattle .
| Chilled Frozen
v v +
Field Grazing [< »  Enclosed Rearing Wholesale
(e.g., wintering, barn v
rearing)
! Combining
v
Selection for *
Slaughter Retail

Flow Diagram G2:

‘Generic’ Flow Diagram for Raw Beef Production.
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Table G2: Typical Hazard Controls for Raw Beef Production.
Control  Hazard Control Measur e(s) Critical Limit(s) Monitoring Corrective Action(s)
A Contaminatiorfrom Site assessment as part of  Site classification as suitable Regulator approval, Review site classification
background environment assured scheme for intended practice Routine reassessment Reassess site designation
Document actions taken
B Transferof contaminant Parents bred according to Documentation (e.g., HACCP)Site Documentation Reassess herd husbandry
body burden from accepted practices Document actions taken
(maternal) parent
Parents purchased from Supplier approval, Supplier documentation  Review supplier status
reputable suppler Livestock certification Review alternative suppliers
Document actions taken
C Purchasetivestock Livestock purchased from Livestock produced according Supplier documentation  Review supplier status
previously contaminated reputable suppler to assured practice Review alternative suppliers

Document actions taken

Supplier approval, Supplier documentation  Review supplier status
Livestock certification Review alternative suppliers
Document actions taken
D Purchasedreedstuffs All purchased feedstuffs Supplier approval, Supplier documentation  Review supplier status
previously contaminated purchased from reputable Feedstuffs certification Review alternative suppliers
suppliers and used according
to instructions Adherence to GAP, SOPs Site documentation Review workforce training
Document actions taken
E Feedstuffproduced All feedstuffs produced Adherence to GAP, SOPs Site documentation Review procedures
on-site previously on-site according to accepted Review workforce training
contaminated (e.g., safe practices, using assured Document actions taken
silage, grain) ingredients
Supplier approval, Supplier documentation  Review supplier status
ingredients certification Review alternative suppliers
Document actions taken
F Contaminatiorfrom Assure water supply Use assured water supply Local Water Authorities ~ Review supplier status
water supply (Domestic and river water and/or Environment Review alternative water supplies

supplies) Agency documentation Document actions taken
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Table G2: Continued...
Control  Hazard Control Measur e(s) Critical Limit(s) Monitoring Corrective Action(s)
G Excess residues of All applied chemicals Supplier approval, Supplier documentation  Review supplier status
applied chemicals purchased from reputable Chemical certification Review alternative chemicals
(also contamination by  suppliers and applied Review alternative suppliers
impurities in applied according to god working
chemicals) practices Adherence to GAP, SOPs Site documentation Review procedures
Review workforce training
Document actions taken
H Contamination from site Ensure all equipment properly Maintenance programme, Maintenance records Review maintenance procedures
equipment maintained GAP, SOPs Review workforce training
Review alternative maintenance
procedures
Document action taken
I Excess residues from siteAll site chemicals purchased Supplier approval, Supplier documentation  Review supplier status
chemicals (e.g., from reputable suppliers and Chemical certification Review alternative chemicals
sanitisers, detergents,  applied according to Review alternative suppliers
disinfectants) instructions
Adherence to GAP, SOPs Site documentation Review procedures
Review workforce training
Document actions taken
J Contamination from field All field practices according to Adherence to GAP, SOPs Site documentation Review procedures
practices (e.g., sewage good working practices and all Review workforce training
sludge application) materials used suitable for Document actions taken
their intended purpose
Supplier approval, Supplier documentation  Review supplier status
Material certification Review alternative suppliers
Document actions taken
K Contamination of animal Any evidence (outside Animal (or herd) classification Regulator approval, Review site classification

selected for slaughter  standard HACCP procedure) as suitable for slaughter
that animal selected for
slaughter may not be suitable
for intended purpose

Routine reassessment

Reassess site designation
Document actions taken
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Table G2: Continued....

Control  Hazard Control Measure&(s) Critical Limit(s) Monitoring Corrective Action(s)

L Contaminatiorrisk All processing practices Adherence to GAP, SOPs Site documentation Review procedures
associated with according to god working Review workforce training
processing step practices and all ingredients, Document actions taken

applied chemicals, process

chemicals and materials used Supplier approval, Supplier documentation  Review supplier status
suitable for their intended Material certifications Review alternative suppliers
purposes. Document actions taken

M Contaminatiorrisk All packaging materials and Adherence to GAP, SOPs Site documentation Review procedures
associated with practices according to good Review workforce training
packaging working practices and all Document actions taken

ingredients, applied chemicals,

process chemicals and Supplier approval, Supplier documentation  Review supplier status
materials used suitable for Material certification Review alternative suppliers
their intended purposes. Document actions taken

N Contamination of Analytical monitoring Maximum acceptable residueAnalytical report Review procedures

ingredient, intermediate
or finished product.

level or ‘zero tolerance’

Review relevant supplier status
Review relevant alternative
suppliers

Document actions taken




Site Preparation

Flow Diagram G3:

‘Generic’ Flow Diagram for Milk Production.

Born On-site Milk Processing
Maternal Assessment 2 q Chilling Site Preparation
Purchased v v
Livestock Supply Weaning Calf Homogenising
| | v
Rearing v Pasteurising Tanker Preparation
Post-weaning Calf v v
v I v Chilling Tanker
Enclosed Rearing [«{ Field Grazing
(e.g., wintering, barn A \ 4
rearing) Bottling Wholesale
: v
»  Adult Dairy Cattle Combining
|
— : S
Enclo_sed Reanng R Retail
(e.g., wintering, barn [
rearing) Field Grazing
Calving <>
v
Milking Equipment > Milking
and Site Preparation
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Table G3: Typical Hazard Controls for Milk Production.
Control  Hazard Control Measur e(s) Critical Limit(s) Monitoring Corrective Action(s)
A Contaminatiorfrom Site assessment as part of  Site classification as suitable Regulator approval, Review site classification
background environment assured scheme for intended practice Routine reassessment Reassess site designation
Document actions taken
B Transferof contaminant  Parents bred according to Documentation (e.g., HACCP)Site Documentation Reassess herd husbandry
body burden from accepted practices Document actions taken
(maternal) parent
Parents purchased from Supplier approval, Supplier documentation  Review supplier status
reputable suppler Livestock certification Review alternative suppliers
Document actions taken
C Purchasetivestock Livestock purchased from Livestock produced according Supplier documentation  Review supplier status
previously contaminated reputable suppler to assured practice Review alternative suppliers
Document actions taken
Supplier approval, Supplier documentation  Review supplier status
Livestock certification Review alternative suppliers
Document actions taken
D Purchasedeedstuffs All purchased feedstuffs Supplier approval, Supplier documentation  Review supplier status
previously contaminated purchased from reputable Feedstuffs certification Review alternative suppliers
suppliers and used according
to instructions Adherence to GAP, SOPs Site documentation Review workforce training
Document actions taken
E Feedstuffproduced All feedstuffs produced Adherence to GAP, SOPs Site documentation Review procedures
on-site previously on-site according to accepted Review workforce training
contaminated (e.g., safe practices, using assured Document actions taken
silage, grain) ingredients
Supplier approval, Supplier documentation  Review supplier status
ingredients certification Review alternative suppliers
Document actions taken
F Contaminatiorfrom Assure water supply Use assured water supply Local Water Authorities  Review supplier status

water supply

and/or Environment
Agency documentation

(Domestic and river water
supplies)

Review alternative water supplies
Document actions taken
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Table G3: Continued....
Control  Hazard Control Measur e(s) Critical Limit(s) Monitoring Corrective Action(s)
G Excess residues of All applied chemicals Supplier approval, Supplier documentation  Review supplier status
applied chemicals purchased from reputable Chemical certification Review alternative chemicals
(also contamination by  suppliers and applied Review alternative suppliers
impurities in applied according to god working
chemicals) practices Adherence to GAP, SOPs Site documentation Review procedures
Review workforce training
Document actions taken
H Contamination from site Ensure all equipment properly Maintenance programme, Maintenance records Review maintenance procedures
equipment maintained GAP, SOPs Review workforce training
Review alternative maintenance
procedures
Document action taken
I Excess residues from siteAll site chemicals purchased Supplier approval, Supplier documentation  Review supplier status
chemicals (e.g., from reputable suppliers and Chemical certification Review alternative chemicals
sanitisers, detergents,  applied according to Review alternative suppliers
disinfectants) instructions
Adherence to GAP, SOPs Site documentation Review procedures
Review workforce training
Document actions taken
J Contamination from field All field practices according to Adherence to GAP, SOPs Site documentation Review procedures
practices (e.g., sewage good working practices and all Review workforce training
sludge application) chemicals and materials used Document actions taken
suitable for their intended
purpose Supplier approval, Supplier documentation  Review supplier status
Relevant certification Review alternative suppliers
Document actions taken
K Contaminatiornrisk All calving practices Adherence to GAP, SOPs Site documentation Review procedures

associated with calving
(also potential
contamination reduction
step via transfer to
offspring)

according to god working

practices and all feedstuffs,

applied chemicals and
materials used suitable for
their intended purposes.

Supplier approval,
Relevant certification

Supplier documentation

Review workforce training
Document actions taken

Review supplier status
Review alternative suppliers
Document actions taken
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Table G3: Continued....
Control  Hazard Control Measure&(s) Critical Limit(s) M onitoring Corrective Action(s)
L Transferof contaminant  All milking practices Adherence to GAP, SOPs Site documentation Review procedures
body burden to milk according to god working Review workforce training
practices and all chemicals Document actions taken
and materials used suitable for
their intended purpose Supplier approval, Supplier documentation  Review supplier status
Relevant certification Review alternative suppliers
Document actions taken
M Contaminatiorrisk All processing practices Adherence to GAP, SOPs Site documentation Review procedures
associated with according to god working Review workforce training
processing step practices and all ingredients, Document actions taken
applied chemicals, process
chemicals and materials used Supplier approval, Supplier documentation  Review supplier status
suitable for their intended Relevant certification Review alternative suppliers
purposes. Document actions taken
N Contaminatiornrisk All packaging materials and  Adherence to GAP, SOPs Site documentation Review procedures
associated with practices according to good Review workforce training
packaging working practices and all Document actions taken
ingredients, applied chemicals,
process chemicals and Supplier approval, Supplier documentation  Review supplier status
materials used suitable for Material certification Review alternative suppliers
their intended purposes. Document actions taken
0] Contamination of Analytical monitoring Maximum acceptable residue Analytical report Review procedures

ingredient, intermediate
or finished product.

level or ‘zero tolerance’

Review relevant supplier status
Review relevant alternative
suppliers

Document actions taken
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