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Abstract
Introduction Assessing the significance of unwanted chemicals in food is pro-
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chemicals blematic. The evaluation of cause and effect of many unwanted chemicals in

foods and feed is complicated by cumulative low doses and the delayed onset of
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food and feed where people were adversely affected, or where an unusually high
level was found and traced to a particular event and for which some socio-
economic impact information was available. Methods Incidents and impacts were
identified from the peer-reviewed scientific literature, from governmental websites,

from Internet searches, from trades and consumer associations and media releases.
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Results Some 44 major events were identified from 1888 to date. Information on
the impacts of these incidents is fragmentary and unsystematic, ranging from
thousands of Euros to meet the cost of monitoring analysis, to many millions of
doi: 10.1111/.1757-837X.2012.00129.x Euros due to court prosecutions, bankruptcy, product disposal, revenue loss com-
pensation, damage to brand or reputation, or loss of life. Conclusion An evolution
is apparent from the evidence of human health effects/toxicity data, igniting legal
action and legislative changes, to the implementation of monitoring and surveil-
lance alerts to ensure that risks are identified and managed — if possible — before

they reach the consumer.

THoMmsoN B, Poms R, Rose M (2012). Incidents and impacts of unwanted chemicals in food and feeds. Quality
Assurance and Safety of Crops & Foods, 4, 77-92.

other natural toxins, unauthorized use of non-compliant

Introduction food additives, inappropriate ingredients and processing

Since the end of the 19th century, incidents of unwanted
chemicals in foods and the environment, which affected the
lives of people in various parts of the globe, have been docu-
mented and reported. In contrast to microbiological out-
breaks, the evaluation of cause and effect of many unwanted
chemicals is complicated by the delayed onset of symptoms.
Organic compounds, for instance, are often fat soluble and
accumulate in the body before they show an effect in the
individual or in the breast-fed infant.

Unwanted chemicals in food include pesticide and
veterinary drug residues, fungal toxins (mycotoxins) and

© 2012 Blackwell Publishing Ltd

or environmental contaminants. Food ingredients and
additives are intentionally added for flavour, colour,
preservation or nutritional benefit, but may have (unex-
pected) adverse effects, such as seaweed in soy milk
(Crawford et al., 2010), or be added as an adulterant, in the
case of melamine in milk powder (Yang etal., 2009).
Processing contaminants include chemicals such as acryla-
mide, nitrosamines, ethyl carbamate, chloropropanols and
contaminants from food packaging (Lijinsky, 1999; Massey
& Hamlet, 2007; Weber & Sharypov, 2009; Pruser & Flynn,
2011). Environmental contaminants include brominated
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flame retardants (BFRs), dioxins and furans (PCDD/Fs),
heavy metals and arsenic, polychlorinated biphenyls (PCBs),
and polycyclic aromatic hydrocarbons (PAHs) (Rose et al.,
2009). Natural toxins (other than mycotoxins) include, but
are not limited to, glycoalkaloids, glucosinolates, saponins,
cyanoglycosides and proteinase, and amylase inhibitors
(D’Mello et al., 1991).

How should an incident of chemical contamination be
defined when exposure is generally to a low dose of a range
of chemicals through the diet over a lifetime?

The UK Food Standards Agency (FSA) broadly defines an
incident as ‘Any event where, based on the information avail-
able, there are concerns about actual or suspected threats to
the safety or quality of food that could require intervention
to protect consumers’ interests’ (FSA, 2008). With this defi-
nition, in 2010, the FSA investigated 1505 incidents in the
UK (FSA, 2010). However, this definition includes inad-
equate labelling with regard to food allergy and intolerance,
microbiological and physical contamination. This is broader
than the scope of unwanted chemicals considered in the
current review.

To prove a relationship between exposure to a single
chemical and an observed adverse health effect is problem-
atic, exacerbated by the usual delay between exposure and
onset of symptoms. However, there are reports of adverse
health effects following a number of incidents of high expo-
sure to particular chemicals and also a number of instances
where episodically high concentrations of unwanted chemi-
cals were detected in food and traced back to a particular
event. From these high concentrations, one may hypothesize
about potential risk based on toxicological effects derived
from animal and in vitro studies.

The impact on society of incidents of unwanted chemi-
cals in food or feed may be economic, environmental,
social and/or political. The cost may range from a few
thousand Euros, to meet the direct cost of compliance or
monitoring analysis, regional or national product recalls,
animal slaughter and disposals, to many millions of Euros
due to court prosecutions, bankruptcy, international
product recalls, more stringent food legislation, more rig-
orous monitoring and surveillance, damage to brand or
reputation of the product or country, decline in tourist
income, environmental remediation, loss of productivity
and loss of life.

A compilation of selected global incidents of unwanted
chemicals in food or feed is presented. The diversity and
magnitude of socio-economic impacts of these incidents are
illustrated with fragmentary evaluations reported in the sci-
entific literature and through media releases.
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Methods

For the purposes of this review, an incident was defined as an
episodic occurrence of adverse health effects in humans (or
animals that might be consumed by humans) following high
exposure to particular chemicals, or instances where epi-
sodically high concentrations of unwanted chemicals were
detected in the human food chain, and traced back to a
particular event. The more usual daily exposure to a low
background level of chemical contaminants in food was not
considered as an ‘incident’. Prions, which cause transmissible
spongiform encephalopathies such as bovine spongiform
encephalopathy (BSE) in cattle or variant Creutzfeldt—Jakob
disease in humans, are considered as biological contami-
nants and therefore not discussed in this paper.

Incidents of chemical contamination of food were iden-
tified from the peer-reviewed scientific literature where pos-
sible, from governmental websites, from Internet searches
and references therein.

Information on the economic, environmental, social or
political impacts of these incidents was also sourced from
peer-reviewed scientific literature and Internet sources, in-
cluding governmental reports, information from trades and
consumer associations, and other media releases. Economic
impacts considered included the financial cost of analysis;
monitoring; product recall and disposal; health care; crimi-
nal, civil and regulatory legislation; lost revenue and brand
protection; lost productivity and damage to country’s repu-
tation. Environmental impacts included the cost of remedia-
tion and disposal of contaminated food. Social impacts
included burden of disease (morbidity and mortality),
mental trauma, consumer confidence and cultural change.

Summary information including the year, the unwanted
chemical, location of the incident, a description of the
affected food or feed, the impact, and the source references
was tabulated. Where an incident led to an observed adverse
human (or animal) health effect, this incident was identified
‘H. Where the incident was detected from an episodically
high concentration of an unwanted chemical, detected from
food monitoring or surveillance activity, this incident was
identified ‘M.

The numerical values we used in this paper have been
given in the literature relating to costs of incidents. Where
appropriate, costs were converted to approximate current
monetary values by applying an online conversion facility
(http://www.measuringworth.com), and a common cur-
rency, Euro (€), to enable some comparison between impact
type and different incidences. A conversion rate of 1€ = $1.4
USD was applied.

© 2012 Blackwell Publishing Ltd
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Results

Incidents of chemical contamination of food
or feed

A list of over 40 documented incidents between 1888 and
2011 involving environmental contaminants, food ingredi-
ents, heavy metals or arsenic, mycotoxins, natural toxins,
processing contaminants, and veterinary medicines in food
or feed is presented (Table 1).

Not included in this collection of incidents is the associa-
tion between PAH intake from smoked foods and stomach
cancer in Iceland in the 1960s (Dungal, 1961). This adverse
health outcome was the result of a cultural practice rather
than an isolated event. Similarly, the discovery in 2002 that
acrylamide may be formed in hot starchy foods (Tareke
et al., 2002) was not considered an ‘incident’ and therefore
was not included.

Incident causes varied from human error or inad-
vertent contamination through processing (n=19), poor
harvesting or storage of grain (n=38), to the use of ban-
ned veterinary products (n=7), adulteration (n=4),
industrial discharges (n =3) or natural toxins (n=2). The
cause of the arsenic-contaminated cider in 1924 was not
ascertained. Eight events were caused by contaminated
animal feed.

Socio-economic impacts of chemical
contaminants in food and feeds

Information on the impact of these incidents is incomplete.
For some incidents, for example the Japanese ‘Yusho’ and
Minamata Bay events, books were written (Kuratsune et al.,
1996; George, 2002), whereas for others, such as the incident
of oranges from Israel, single media releases were retrieved
(TIME, 1978). Summary information of the impact of each
incident ranging from numbers of humans affected (includ-
ing deaths), to animals destroyed, information on human
health effects, bans on food trade or livestock movement,
product recall or increased sample monitoring is shown
(Table 1).

The diversity and magnitude of impacts of the selected
incidents of unwanted chemicals in food and feeds in terms
of economic, environmental, social or political costs are
summarized in Table 2.

Currently, no standardized or harmonized approaches
exist to calculate the economic costs of incidents, thus the
comparability of the given numbers between incidents is
limited, but they give an estimate of the magnitude of an
impact.

© 2012 Blackwell Publishing Ltd
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Economic
Analysis monitoring

An immediate impact of a chemical contamination incident
is the requirement, and therefore the cost, of additional food
sample analyses. Incidents in 1973, 1999 and 2003 incurred
the following estimated costs for analytical work during the
incident investigation. The 13 000 samples analysed in the 18
months following the 1973 Michigan PBB incident was
about €346 500 (Dunckel, 1975), or €1.4 M at current value
(http://www.measuringworth.com). The Belgian PCB and
dioxin incident of January—June 1999 resulted in more than
55000 PCB and 500 dioxin analyses (Covaci et al., 2008).
Based on analytical rates of €130 and €525 for PCB and
dioxin analyses, respectively, the estimated cost was €7 M at
current value. The more recent German bakery waste inci-
dent in 2003 resulted in a total of 339 samples being screened
for dioxins within a period of 3 weeks at an estimated cost of
€0.3 M (Hoogenboom et al., 2004) (R Hoogenboom, per-
sonal communication, March 2011).

Product recall/disposal

The economic cost of condemned food resulting from
the 1973 Michigan PBB incident, reported in 1979, was
€150 M [Office of Technology Assessment (OTA), 1979],
€450 M in 2009 dollar
measuringworth.com).

- or terms  (http://www.

The incident of dioxin-contaminated citrus pulp in 1998
resulted in about 92 000 tons of citrus pulp being discarded
or destroyed in the European community, worth about
£€8.75 M. Twelve European Union (EU) Member States were
affected (Malisch, 2000).

The Irish dioxin crisis of 2008 resulted in the culling of
thousands of cattle and pigs at an estimated cost of more
than €4 M (BBC News, 2010).

Further details on product recall costs are included under
lost revenue/brand protection.

Health costs

Health costs are those incurred by the consumer whose
health has, or potentially can be, adversely affected by the
contaminant present in food.

In response to the 2008 Chinese melamine incident, the
Chinese government provided free medical treatment to all
babies affected, with more than 1600 medical teams and
8000 staff sent to locate sick babies. Within 2 months of the
incident being publicly known, almost 300 000 children

79



B. Thomson et al. Incidents of unwanted chemicals in food

Quality Assurance and Safety of Crops & Foods 2012, 4, 77-92

(9007 'dHSpo0D 13 JpuelAH)
JO 8Jeuonel wolj paaeqg

N OLY3 ~ Ol
paJjamo| 01 anp Anainpoud 1507

‘bupjew
pealiq Joj pasn sem appibuny
AindJaw e yum pajealy uielb

(€£61 "[e 19 ujeg) sanljele) 09y< Bulpnpul sased 0669 paas As|leq pue 1eaym pauodu| bey| Ainois N H .61
Apnis 131p |e301 Ul [ sjhuaydiq
(/861 'uosiapuno ® uolbuluusd) suone|nbai buibexped pooy maN 15e43e31q 1e3-01-Apeal Ul pa1dele(g vsn paieuliojydAjod N L/61
N 063 ~ uonesusduwod WIdIA
€00¢ 1e syiesp
00€ Buipnjpul $35€D OO |7 PaIeWIST ‘Buissadold sjkuaydiq
(€007 "eINWIYSOA) (3seasIp |10) OYSNA,, Se UMouY 1€ P3leulWeIUoD |10 uelq adly ueder pajeullojydAjod ‘suixoiq H 8961
s9ply
MO pajeasl-jousydoiojydAjod
pakonssp WOJ} PI1BUILIBLUOD ‘SUDYDIYD
(€461 'suoisalld) QJBM IO P3IP SUSNDIYD 000 00E 3dUBY] pue ‘pasy usdIyD SN suixolqg H 1561
aAlppe 91eydsoyd
syiesp Q01< WINIpoSIP 8y} Ul a1euasie
‘2007 Aq sesed 0oy €1 parewnsy wnipos Yim psjeulweiuod
(9002 /e 12 1ysiaxeq) ,buiuosiod 1w paup ebuLio, Apuaueapeul Jspmod I ueder RIVENIVE H G561
IN 000ZL-IN 083 ~ DI
paJjamo| 0} anp AnAidnpoud 1507
109)42 Buiziiesdowsp [ednynd
N 09€3 ~ S1S0d UOl1eIpawiay
(010Z "unquilys N €9-IN 9G3 uoIeSURdWOD SNUdA3I 1507
1yesy 3yl ‘9007 ‘91spoon ‘IN 00FL 3 < JO uonesuadwod |enueuly ab4eydsIp |eLsnpul ueder ‘Aeg
1R JapuelAH 1z00Z ‘©b109D) paAladal pey swidIA 000 1< ‘0102 Ag AQ pe1eulwelu0d POOES eleweuly Anois N H S0S61L
(%08 Ajg1ewixoidde) Ayjeriow ybiH 1P9UYM PRISIUIM-IDAO (SsusdaylodLIY)
(100Z 'v423) ennaje J1xo} Alejusuiy 4O uoneulweuod wniesnd e1ssny SUIXO} Z-1H pue z-L H Ly6l-lEbl
(9007 "fe 19 Iysiaxed) syieap g1 buipnpul sased gz J9pI> pajeulweluod vsn RIPES H e6l
paiaje
S1edA G J9AO pabe usWOoM JO % Q7= Ja1em uonebLl
(z661 "[e 12 eAnsey|) 9Se3SIP ,IPYI-IBY|, SB UMOUY 9014 PAleUIWELUOD 31SeM Bululp ueder wniwped H SP6L-0161
pide dunydins pajeulweiuod
(9007 "Ms1epy 19002 JIUISIE YHM pPawloy} Jebns
“le19 1ysiaxed 'L06 1 ‘splouay) syieap o/ buipnpur sase> 0209 Buimaiq ein 193 paleulLeIu0) AN dlussiy H 0061
(900T
/e 12 1ysiexdeq (L 06L ‘sploukay) saly[ele} | buipnpul sased G g 3UIM pajeulweluo) aduel4 RIVENIV H 8881
ERlVEIEIEN] 1edu| uondudssq uoedoT [esiway D) JIEEIN

P33} 1O POOJ Ul S|EIIWIBYD Paluemun Jo syeduil pue sjusppu | djqeL

© 2012 Blackwell Publishing Ltd

80



B. Thomson et al. Incidents of unwanted chemicals in food

Quality Assurance and Safety of Crops & Foods 2012, 4, 77-92

(000Z "Yasllein)

(€00Z "emexning g apan)
(£661 "[e 19 1eyg)

(€661 "[e 19 buepm)

(z661 "[e 12 smaliD)

(6861 "[e 12 1eyq)

(€661 "v4D3n)
(6261 'uosdwoy] 18 Ue||IADIA)

(G861 "/e 19 NsH)
(6161 (€19 3ypWaQ)

(8461 "INIL)

SaLIUN0d
D3 swos ur 1ayew dind snuyd jo asdejjod
D3 AQ 135 [9A9] SdURIS|OL
N 63 ~ pahosisap
Jo papJedsip djnd snJid jo suol 000 76

syieap  buipnpul sased /9
swoldwAs |eunssiulolised

Ajutew jo ‘sabejjin £z Ul ‘SIsed Tir|
suwojdwiAs

|eunsajulonseb Ajuiew Jo sased /6
swiey 0081 ApPrewixoidde

10} JusWaAOW 3dnpold pue 3301s Uo ueg

swoldwis |eunssiulolised
yum adoad 000 05 ARrewixoiddy

|l BWedaq JjeIS pue UIP|(IY2]00yds |9

paIaA0D3l ||B ‘pa1d344e SA0GIooydSs 8/
syieap

€ Buipnpul sased €607 palewns3
sai[ele} / buipnppul

‘wisiiobls snouaibueb Jo sssed Ov |

pa1ey suodw

pa128jje usipjiyd v
S129449 Yieay

uewny pue A}dDIX0} UO UOIIeWIOUI O P

(100Z '1||21eD0APOO} P3IRUILEIUOD WOJ) UOIINGLIUOD UMOUNUN

(9261 1eyg '8 eydeweuysiy)

(8161 "[e 13 uopuel)

(G861 'sal4 'S/61 ‘1PPUNQ)

swoldwiAs [eunsaiuionseb
YHM SabEJ|IA | Z WOy S3sed g/
paip 801 pue
siieday ainde padojansp ajdoad /g€
paysiigeiss syuwl| Aloyeinbay
SSCIIE]
yieay uewiny pue A}DIX0} UO UOIeWLIO|
IN 0513 ~ [esodsip poo4
N 13 ~ SISAjeue BulloyUOA
pakonsap
SUSNDIYD 000 000 ¢ pue daays oY
‘3112 00 6 S1ep O} SISed uewiny ON

pasy ul pasn dind snuyd
Aq pa1eUILRIUOD Y|IW pUB B3|\

A1nd Jo uonessynpy
azlew
pue wnybios pajeulweIuod
9011 P31EUILIPIUOD Ul P3}NSal
1sanley Buunp |[ejutel Anesy
UBIQ 9214 Pa1eUIWLEIUOD-PE))
‘payodwi Bululeluod pasy [PWIUY

1e3ayM
Ap|now Aq pajeuiweiuod peaig

sao1ejod pajiods
sao1ejod pajiods

[0 8211 pajeulweIuo)
syeo buluieuod 10619
YyHm A3jleq 4O uoljeulwBIUOD

|9els| woly sabueio pajessnpy
uolsojdxe
jueld bulnienuew e

WoJ4 Uofjeuiweuod duaydsowy

19|l |Jead pajeulweIuod

9zIeW pajeujweiuo)

P33} |ewiue o3| paxiw
AjJuaniaapeul sem juepielal allq

SpuejayiaN
|yl
‘Auewian suixolg
ueder
‘euwieAedepn BIVENIV
eipu uisiuown
eUIYD (3U323Y}0DLI3) UIXO} Z-L
AN pea
elpu (S9Ua33Y100111)
UETE UIxo} Z-1 ‘jousjealu
Jlwysey| ‘lousjealuAxoaq
epeue)
‘elaq|y (plojex||eodA|6) auluejos
N (p1ojex|eodA|6) suiuejos
s|kusydiq
uemie| pajeuniojydAjod ‘suixoiq
eidoiuyl3 (spiojexj|e) 106.3
SspuelayiaN
ayl JSIRIETN|
Aley| '0saA3S suixolg
elpul (spiojej|e) 106.3
elpul uixolejyy
vsn sjAuaydiq
‘uebiydin pa1eulwo.gA|od

8661

8661

5661

€661

6361

L861

€861
661

661

8/61

861

961

SL61

vi6l

€6l

81

© 2012 Blackwell Publishing Ltd



B. Thomson et al. Incidents of unwanted chemicals in food

Quality Assurance and Safety of Crops & Foods 2012, 4, 77-92

SUSIYD pa1daje
Aue Ko11sap 0} PaSIApe SIBUWNSUOD)

(¥00Z 'VS4) |[e2a4 1onpoud Areyunjop uaIYd abuel-aaly dluebiQ puejal| UldYLoN ueInjoilN 007
(£00Z ‘epeued-yiesH) |[e2as 1npoud Aieyunjop J110Ig1Ue YUM Paleulweluod ASUoH epeue) |od1usydwelolyd 002
(5002 /e 18 ||]2UUOD,0 ‘ey00Z UOI1BINWIIOJBI pUe [[BD3l 1DNPO.d S|aAg| aulpol ybiy o1 pa| doy
‘Auioyiny A19)eS poo4 puejeaz MaN) sploJAyy anideladAy Jo sased g pappe YiMm painioejnuew yjiw Aos puejeaz MaN auIpo| 7007
(ellensny pue 1li4 ,0bie> Joud, e Ag ui0d 3nq
(qv00¢ ‘PUB|EaZ MBN) POIDBJJE SBLIUNOD € Jo buiddiys buunp paieulweluod
‘Aiioyiny A19)eS poo4 puejeaz MaN) pajjesal spnpoid ¢ s1npoid pue UnojuIod puejeaz MaN pea] 7002
syiesp
(5002 /e 19 Jsunebwneg-zizzy) GZ1 pue ainjiey dieday Jo Sased /L€ 9zlew Pajeulweluo) eAuay| uIxole |y 002
(€002
'S4 €002 ‘Ale@ uononpold poo4) pakonsep swie} €t woly Aiynod U3¥DIYD PaleulwrIuo) |ebnuod sueInjoIlN £00C
| 10Z ‘uonesiunwwod N €03 ~ SISAleue BulloyUON pooMm
|euuosiad wWooquabooH pouad 329M-€ B Ul PaUaIDSs 21SeM a1sem bullly Ag paup a1sem Aisxeq
(00T "/e 32 wWooquabooH) Kioyeq pue pasy |ewiue Jo sajdwes g€ YHM PaleulWweluOd Pasy) [ewliuy Auewian suixolqg £00Z
JioIgiue Aleulsisa
pauueq Yum pajeuluieiuod
pakonsep pue |izelg pue puejiey] wouy
(92007 'vS4) uMmelpyum abeJols pjod Ul 1onpold pauodwl ‘uadIyd Jo sajdwes Gi/g puejaJ| UlSYLoN SueInoIUN 2002
J10Igiue AleulislaA pauueq yim
pajeulweluod ‘(ysspe|bueg ‘eipul
‘BISDUOPU| ‘WeUIBIA ‘puUBjiey])
SaYd1eq paldaLe eISY 35 wod} paodwi sdwuys
(5z007 'vSd) 4O UORdNAISIP pue [EMEIPDYHAA pue sumeid Jo sajdwes £//91 N suelnjoilN ¢00¢
epeue) j021uaydwelolyd
pue 3N ul 3jes uo Asuoy papus|q 51101g1Ue 3yl YUm
(007 "epeued-yiesH 'z007 ‘'vS4) pue asaulyD 4O [|edal 1oNpoid po)euIWeIUOD BUIYD WOI) ASUOH epeued pue JN |o31usydwesolyd 2002
(1002 suogJledoupAy
'SMBNIUSWILIDA0D) 1007 ‘VSH) ||e23. 1oNpoid |10 @>ewWod SAI[0 pajeulWwrPIu0) uteds Jnewode d1PAdA|04 100Z
paualeaiy}
Bunel |edijod pue adUsPIUOD JBWNSUOD
IN 000Z-006G L 3 Awouoda wnibjag 01 ss07
palean Aousbe A1ajes pooy |elspa4
paysi|geise bullojuow [euonen
N3 8y} ssoe
POSIUOWIRY PUE 135 S[9A3] SNPISA WNWIXB|A|
N 3 ~ siskleue Bulio}IUo sjAuaydiq
(L00Z "6 12 S9SED U9dURD PaJewss 0008-0 IO JBwloysue.} pajeutio|ydAjod
a390aJeT UeA) (800 /e 18 1DeAOD) pa12aye swley Hid pue Ainod 0Oz Ueyy aIoN YHM Pa1eullRIUOD Paa) [ewluy wnibjag ‘suixolq 6661
ERIEIEIEN 1edw) uonduossq uonedoT [ed1way D JIEEIN
psnuipuod | alqeL

© 2012 Blackwell Publishing Ltd



B. Thomson et al. Incidents of unwanted chemicals in food

Quality Assurance and Safety of Crops & Foods 2012, 4, 77-92

"9UE|[I9AINS 1O BulloHuOW YBNOIYY PAIIIUSPI JUSPIDUL ‘A ‘SII3H Y}eay [ewiue JO Uewiny WO} Palyiuapl JUspidul ‘H ‘uey Ja1ealb '<

‘Aunwwo?) ueadoiny ‘D3

(110Z 'uoibuilieH)

(010 "ueljensny ay|
‘0102 "[e 19 pioymelD)

6007 ‘SMayne
‘6002 'IVS4
‘0L0T 'sMaN Dgg)

(6007 "[e 12 buex
6007 "/e 19 18ussoD)

(500 'Pady WelljiAn

'S007 "1saM-AelIniN 19007

‘95007 '8S007 VS
‘9007 'sSMaN D4g4)

(5002 ‘punos 1onbofe|y jo
spuali4 ‘5007 ‘ojjiol4 pue onaidiq)

pauueq eulyd 0} Aueuwian wouy spodw|
pa||n> sbid Jo spalpuny pue suay Q0 8
pa1da44e SWie) UBWIAD) 00/ ¥

pajjedal
Aj11eIUN|oA 19Npoid ‘swajgoid pIoJAyl Jo sased g
N 0073 uonesuaduwod anuaal 1507
N 73< bund B1d pue sped
paj|edal sem
UdNW pue padel} Sem SaIUNod £7 01
papodxe synpoid yiod pue yiod ys
awibas bunssy
YHm pajabie} adUPIUOD JBUWINSUOD
DUBUSS 3] |
‘SUOIINDAXD 7 ‘S1Salie 09 15e9| 1y
eulys yim
SUOIDISa) dpeJ] pasodwil SaLUN0d 89
S31IIUN0D
|BIDADS Ul PAYSI|GLIS SHUWII| P9} pue pood
N 063~ sso| Ansnpur ‘Aoidnusueg
N €3~ Uoesuaduod anuaAal 107
syieap 9 ‘suonezijeydsoy
006 LG 'Pa129yje saigeq 000 00€

I\

00953 ~ $1500 buduaUas b

IN 00Z-0Z13 ~ 3502 Aigsnpul pood
[SE|[=BE2] muu_‘:uo._a oo} 9/9

IN L L—Z3 @nuanal 1507
SIBUWINSUOD paydeal suo} g€ ‘pajedal ysiy suol 4

1B} PI1RUILIBIUOD YlIM dpew
P94 [EWIUR WOJ} PA1RUILIEIUOD
synpold 663 pue sbba ‘1es|N
QuIpo!
O S|9A3] Yyb1y ul paynsal poameas
NQUIOY, YIM paydLud jiw Aog
Swie} 9|1ed g€ pue sidnpold
3iod / o3 paiddns posd
paa} ayy Aip o3 paiy io ul
suixolp Ag pajeuiweluod pooy
91SEM WO} PIALISP P93} [PWIUY

|9A9] uR0.d

jualedde ssiel 0} sulwePwW
yum pajesaynpe sspmod H|IN

spnpoud

Jo abuels apim e ul Jualpaibul

ue se pasn sem eyl ‘adnes

13153210/ 8IN1ORINUBW O} Pasn
Japmod 1jiy> pairessynpe paroduw

appibuny pauueq
UHM P31RUILIBIUOD UOW|es paulied

Auewlan suxolg N 1107
ellessny [ulpol H 600¢
sjAuaydiq
pajeulojydAjod
puejai ‘suixol@ N 800¢
euly> QUi H 800¢
AN afp | uepng N 500¢
epeue)
‘elquiojod
ysniig uaIb AnLdeleA A 500¢

83

© 2012 Blackwell Publishing Ltd



Quality Assurance and Safety of Crops & Foods 2012, 4, 77-92

B. Thomson et al. Incidents of unwanted chemicals in food

Table 2 Range of estimated economic, environmental, social or political impact of incidents of unwanted chemicals in food or feeds

Impact type Parameter assessed Cost range
Economical Analysis, monitoring €0.3-7M
Damage to country’s reputation/tourism NA
Health costs (compensation) €1400 M
Legislative costs (criminal, civil, regulatory) €35M
Lost productivity NA
Lost revenue/Brand protection or damage €30- 2000 M
Product recall and/or disposal €4-450 M
Environmental Remediation €6-360 M
Social Burden of disease (morbidity and mortality) 0-300 000 affected, 900 deaths
Consumer confidence €1300 M
Cultural change NA
Mental trauma Democratizing affect
NA

Political Political party survival/rating

Loss of political power

NA, no data retrieved.

were reported as suffering from kidney and urinary prob-
lems, with 51 900 receiving hospital treatment (Gossner
et al., 2009; Yang et al., 2009).

The economic compensation to victims poisoned with
methyl mercury in Minamata, Japan, was reported as nearly
€1050 M in current values, from the 1950s until October
2004 (Hylander & Goodsite, 2006). The payment of an addi-
tional €15900, plus monthly medical allowances, to 2123
previously unrecognized victims was agreed in 2010, paving
the way for almost 40 000 more victims to be compensated —
more than 50 years after the event. The total compensation,
paid by the Chisso Corporation, central and Kumamoto pre-
fectural governments, was therefore in excess of €1400 M
(The Asahi Shimbun, 2010).

Legislative costs (criminal, civil, regulatory)

One criminal and seven civil suits were filed in connection
with the 1968 Japanese ‘Yusho incident. In the criminal
lawsuit, the factory manager was found guilty of ignorance
and sentenced to 3 years’ imprisonment while the company
president was found not guilty. With regard to the civil suits,
dispute over the cause of the contamination eventuated in a
compromise settlement for compensation to victims some
20 years after the incident, with most of the reparations, in
the order of €90 M, paid by the company that manufactured
the chemical (Kuratsune et al., 1996).

In 2006, the Essex County Council prosecuted the food
wholesaler, East Anglian Food Ingredients, for selling curry
powder containing the illegal dye Sudan1. East Anglian Food
Ingredients was fined £2000 and ordered to pay £3000 costs
— a total of approximately €5600 (BBC News, 2006; FSA,
2006).
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There were at least 60 arrests, resulting in two executions
and one sentence of life imprisonment, as a result of the
melamine incident in China (Editorial, 2009).

Voluntary or mandatory food recall directives require
(effect based) regulatory limits for regulators to uphold. Any
food with contaminant concentrations above such limits is
condemned and either destroyed or restricted from market
(OTA, 1979). In the early incidents, for example the PBB
Michigan incident, this information was lacking and estab-
lishing a limit was an important first step in managing that
incident (Fries, 1985). A number of the incidents led to new
food regulations.

In the 1971 US Total Diet Study, PCB residues were found
in a ready-to-eat breakfast cereal. Follow-up investigations
revealed the contamination to have occurred from migra-
tion of PCBs from the packing which was manufactured
from recycled paper. The recycled paper included so-called
carbonless copy paper that contained PCB-filled pressure-
sensitive capsules as the ink release agent. This finding even-
tually led to regulations limiting the PCB content of
paperboard packaging intended for food contact use (Pen-
nington & Gunderson, 1987).

Tolerances for PBB in milk, meat, eggs and feed were
established by the US Food and Drug Administration (US
FDA) in May 1974 following the Michigan PBB incident
in 1973. These were subsequently revised downwards
(Dunckel, 1975). Soon after the incident, the US FDA estab-
lished a temporary guideline for PBB in milk and tissue fat,
which was subsequently lowered in 1977 (Act 77) (Fries,
1985).

The European Community regarded the high con-
tamination of citrus pulp from Brazil and its use as
feed material as a possible risk to human health and
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therefore set a tolerance for dioxins in citrus pulp (Malisch,
2000).

The 1999 Belgian PCB/dioxin crisis led to the introduc-
tion of national maximum residue levels for PCBs in feed
and foods, the establishment of a national monitoring pro-
gramme for food of animal origin, and the creation of a
Federal Agency for Food Safety in Belgium. In addition, the
levels of dioxins in animal feed and food of animal origin
were harmonized across the EU (Covaci et al., 2008).

Several countries established limits for melamine in food
and feed (e.g. Australia, Canada, China, EU, Malaysia, New
Zealand and United States), following the 2008 melamine
incident in China (Gossner et al., 2009; Yang et al., 2009).

With the exception of the Sudan dye prosecution in 2005,
the financial cost to conduct these criminal and civil cases, or
to establish food regulations, was not retrieved.

Lost revenue/brand protection

According to Hylander and Goodsite, compensation paid to
fishermen for lost revenue from the Minamata Bay incident
was between €56 and €63 M (Hylander & Goodsite, 2006;
The Asahi Shimbun, 2010).

The 1999 PCB/dioxin crisis cost the Belgium economy
€1500-2000 M, with several food-producing companies
being bankrupted and thousands of jobs lost (Covaci et al.,
2008). For many months, consumers avoided Belgian prod-
ucts and some even avoided all animal products from the
EU.

The citrus pulp market in some European Community
countries collapsed as a result of the Brazilian-sourced citrus
pulp incident in 1999. The total market for citrus pulp as
animal feed in Europe at the time was worth an estimated
£€70-105 M (Malisch, 2000).

The incident of Sudan 1 dye in Worcestershire sauce that
occurred in the UK in 2005 resulting in the recall of 580 food
products reportedly cost the food industry in the order of
€120-200 M for sales loss, recall, management time, public
relations and brand impact (William Reed, 2005; Murray-
West, 2005 FSA, 2005b).

As a result of the 2008 Irish dioxin incident, €200 M was
paid to compensate Irish pork producers and processors for
lost income. The total cost of this recall for the Irish industry
and/or the Irish (and EU) taxpayers was estimated at €100—
200 M (Heatley, 2008; Matthews, 2009; BBC News, 2010).

The Sanlu group, the milk powder processors responsible
for the 2008 melamine incident in China, were bankrupted
by the pressure of recalling more than 10 000 tons of milk
powder and claims for compensation. China’s biggest
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liquid-milk producer, the Mengniu Group, claimed losses of
900 million yuan (€90 M). Chinese dairy and related exports
dropped by 92% compared with the year prior. About 20%
of dairy farmers were still inoperable 2 months after the
incident. The Chinese government set aside 300 million
yuan (€30 M) to compensate farmers who lost money and
farmers were also to receive a feed subsidy of 500 yuan (€50)
per cow (Yang et al., 2009). Some of those identified as
responsible were found guilty and paid with their life.

Lost productivity

Two major incidents of mercury contamination are included
in Table 1 (the Minamata Bay incident in the 1950s, and the
grain seed incident in Iraq of 1972). While productivity
costs, derived from lost productivity, were not estimated for
either of these incidents, productivity cost in Greenland was
estimated at €40 M for lost IQ due to methyl mercury tox-
icity of 703 children. This calculation assumed 1.5 IQ points
lost for each doubling of mercury (Hg) concentration above
5.8 ug Hg per litre of blood and that each IQ point reduction
resulted in a 2.6% decrease in lifetime earnings (Hylander &
Goodsite, 2006). For 14 000 victims who received full or
partial compensation from the Minamata Bay incident (or
approximately 200 000 persons who may have been affected)
(in Hylander & Goodsite, 2006) and almost 7000 Iragis in
1972 (Bakir et al., 1973), lost productivity due to lowered 1Q
may also have been in the order of €840 M (or €12000 M)
and €410 M, respectively, assuming a similar decrease in
lifetime earnings. Given that arsenic also impairs mental
development, lost productivity from the 13 400 victims of
the ‘Moringa’ incident (1955) (Dakeishi et al., 2006) was also
likely to have been substantial.

Environmental
Remediation

Planning for remediation of Minamata Bay started in 1971
and was completed in 1990 by dredging and burial below
fabric and a layer of soil at an estimated cost of €360 M
(Hylander & Goodsite, 2006).

Social
Burden of disease (mortality and morbidity)

A conservative estimate of deaths attributed wholly, or in
part, to mercury contamination of Minamata Bay in the
1950s is 900, although 14 000 victims have been compen-
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sated and there may have been as many as 200 000 people
affected (Hylander & Goodsite, 2006). If a human life is
valued at €1.4 M based on the willingness to pay for safer
roads (Scott er al., 2000; Hylander & Goodsite, 2006), the
economic burden of this incident is conservatively estimated
at €1260 M.

Applying the same rationale to the more than 460 lives
lost as a result of the mercury poisoning in Iraq in the early
1970s (Bakir et al., 1973), the burden of that incident might
be conservatively estimated to be in excess of €640 M. This
estimate does not include the 6500 victims non-fatally
affected.

At the time of the 1955 ‘Moringa’ arsenic incident, there
were more than 100 infant deaths. At March 2002, some 47
years after the incident, the total number of victims was
reported as 13 420 (Dakeishi et al., 2006). While the cost of
the deaths may be estimated in the order of €140 M, to our
knowledge, the magnitude of the economic burden of the
victims has not been assessed.

Estimates of the total number of cancers resulting form
the Belgian PCB and dioxin incident of January—June 1999
was 40-8000, based on a simple model in which an episodi-
cally high dose was converted to an average daily dose over a
lifetime (70 years) (Van Larebeke et al., 2001). Given addi-
tional non-cancer effects in neonates, infants and children,
these authors concluded that this incident had a significant
impact on the body burden of most Belgian citizens and
probably doubled or tripled the body burdens of highly
exposed subpopulations (Van Larebeke et al., 2001).

Consumer confidence

Consumer confidence was threatened at the time of the 1999
Belgian PCB and dioxin incident because of controversy and
some exaggerated risks of the possible health consequences,
in sections of both the media and the scientific community.
In addition, Belgian authorities were accused of having
deliberately served the economic interests of farmers’ unions
and meat industry instead of protecting public health
(Covaci et al., 2008).

The 2008 Irish dioxin crisis was heavily reported by the
media. The FSA of Ireland (FSAI) fielded 3725 calls and 700
media enquiries in 6 days. Over 30 FSAI staff members and
volunteers manned advice lines. As the media coverage
evolved, the FSAI worked to maintain consumer confidence
with a repeated message not to consume the contaminated
product and not to be overly concerned about the health
risks of short-term exposure to elevated levels of contami-
nants (FSAI, 2009).
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As a result of the 2008 melamine incident, the Chinese
government required all dairy products to be tested,
inspected and labelled ‘QS’ to protect consumer rights. Only
products labelled ‘QS’ could be sold in the market (Yang
et al., 2009).

Cultural change

The protests of victims seeking compensation from the
Minamata Bay disaster from the 1950s to the present day are
claimed to have had a democratizing effect in Japan. Initially
disease victims, fishing families and company employees
were excluded from discussions, but with media coverage
and ongoing protests, these people were eventually allowed
to discuss the issue. As a result, it is considered that post-war
Japan became more democratic (George, 2002).

Political

The Centre-left Christian-Democrat/Socialist coalition that
had been in power for 12 years in Belgium, and that was in
favour beforehand, was voted out of power and a contribut-
ing factor assigned by many was the preceeding PCB/dioxin
crisis of 1999 (Covaci et al., 2008).

Discussion

The aim of this paper is to present a compilation of global
incidents of unwanted chemicals in food or feed and to
report the diversity and magnitude of socio-economic
impacts of these incidents as far as these are available.

The list of incidents presented here is not exhaustive. In
the first instance, the task of defining a chemical incident is
subjective, and begs the question as to whether in fact all
product recalls and Rapid Alert System for Food and Feed
(RASFF) alerts are incidents. Further debate of this may be
valuable. There will be events that have been missed because
they were not retrieved in our literature searches or were not
reported in the accessible literature. Alert systems, for
example, may not report incidents that never crossed a
border. Indeed, we plan to make this initial list openly avail-
able for others to augment.

A review of the 44 incidents shows a noticeable progres-
sion from incidents that were apparent because of adverse
human health effects (H), in some cases hundreds of deaths,
to the likely prevention of disasters because of product
recalls based on monitoring and surveillance activities
(M) (Table 1). From 1888 to 1979, there was an increasing
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B

Incidents (n)

Incident period (years)

Figure 1 Numbers of incidents identified from adverse human
health effects over 20-year periods from 1888 to 2011.

occurrence of adverse health-related incidents, which since
1980 has declined (Figure 1). Over 50% of the incidents
listed occurred since the 1990s. This, together with only four
incidents resulting in adverse health effects since 1999, sub-
stantiates the efficacy of monitoring systems in public health
protection.

Socio-economic impacts were stated as reported. As many
were from unverified media clips, the reader is cautioned to
be mindful of exaggeration for enhanced effect. In most
cases, the derivation of the reported costs was not stated.
There is nothing systematic about these impacts, but rather
they illustrate a diversity and magnitude of possible impacts
resulting from a chemical incident. Some of the sources have
a vested interest and may estimate costs with some degree of
bias. It is easy to put a ‘slant’ on how a figure is weighted — for
example, the value may be maximized if it is made in relation
to compensation payments, or minimized if brand protec-
tion is the primary objective. Also, there are various differ-
ences in the figures that are given which can relate to direct
costs involving product recalls and destruction of affected
food; others will include consequent changes in production
and clean up. Few may estimate damage to brand and others
may still add on damage to associated brands — for example,
all food from Belgium (and even Europe) took a downturn
in sales after the 1999 dioxins incident even though only
poultry and pork products originating from Belgium were
affected. Even these situations have to be considered care-
fully. For example, if one brand or if one country suffers,
another may benefit from increased sales of the same or
alternative food products. So the true cost to ‘the economy’
or to ‘society’ is not clear.

© 2012 Blackwell Publishing Ltd
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Costs of additional monitoring or tighter legislation that
are put into place as a result of an incident are rarely
included in cost estimates, although this can be considered
as part of the brand protection and recovery process and
hence pays for itself. It is very difficult to include estimates
for such brand influence with all the other ‘noise’ and con-
founders that influence these figures. It is even more difficult
to estimate health costs and attribute causal association with
exposure to chemicals in the diet when carcinogens, or com-
pounds with other long-term effects such as those that have
an impact on reproductive capacity (and can impact on
subsequent generations), or where chemicals such as lead
have an impact on brain function or learning ability, are
concerned.

While some incidents, in particular the mercury discharge
into Minamata Bay in Japan in the 1950s and the 1999 PCB/
dioxin incident (Covaci et al., 2008), have been evaluated in
terms of various impacts, comprehensive assessments of
combined impacts of individual incidents are rarely avail-
able. The cost of some historical events were relatively
recently evaluated; for example, the remediation cost of
Minamata Bay (Hylander & Goodsite, 2006) and the human
health effects of exposure to brominated flame retardant in
Michigan in 1973. Although the latter incident occurred
almost 40 years ago, studies of long-term health effects were
more recently undertaken with six human epidemiological
studies published in the past 4 years (Hoffman et al., 2007;
Small et al., 2007; Sweeney & Symanski, 2007; Terrell et al.,
2008, 2009; Joseph et al., 2009).

Analysis of costs and impacts of these incidents is frag-
mentary but emerging. In purely economic terms, the
highest costs of the cited incidents relate to compensation to
mercury-poisoned victims at Minimata Bay (in the order of
€1400 M) (The Asahi Shimbun, 2010) and the estimated
loss to the Belgian economy of €1500-2000 M as a result of
the 1999 dioxin/PCB contaminated animal feed incident
(Covaci etal., 2008). These are very approximate as it
remains unclear how many victims were affected (and com-
pensated) by mercury in Minamata Bay, and the rationale
behind the Belgian estimate. If a life is valued at €1.4 M, the
social burden of the lives lost as a result of the Minamata Bay
incident is in the order €1300 M for 900 deaths (Scott et al.,
2000; Hylander & Goodsite, 2006). Perhaps higher yet may
be the cost of mental impairment from mercury exposure —
€800-12000 M on the basis of rationale applied by Hylander
& Goodsite (2006).

While these incidents have been tragic and costly, positive
outcomes have also arisen. A number of incidents, including
mercury into Minamata Bay, the ‘Moringa’ arsenic poison-
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ing, the ‘Yusho’ incident of PCBs in rice oil, the mercury-
treated seed in Iraq, the 1973 Michigan PBB event and the
incident of trichothecene mycotoxins in India in 1987, led to
new scientific knowledge about the chemicals and their
health effects. This knowledge has resulted in food regula-
tions and monitoring and surveillance systems to protect
consumers. An incidental benefit of the 1999 PCB event in
Belgium was the attribution of campylobacteriosis to
poultry (Vellinga and Van Loock, 2002).

Any crisis offers the opportunity for change and
improved identification and management of risks. New
food safety regulations and improved monitoring and sur-
veillance programmes are often the result of lessons learned
in crises. Admittedly, the assurance of food safety comes at
a price, considering the necessary research to develop
methods to identify and quantify chemical contaminants,
socio-economic costs to draft and implement new or better
regulations, and finally systems and tools to monitor and
alert for potential risks. However, the investment must
be balanced against the possible costs associated with an
incident.

Following the European food crises of the 1990s (such as
BSE and dioxins), the EU passed a regulation defining the
general principles and requirements of food law (Regulation
178/2002). This led to a variety of measures (legislative and
otherwise) to assure a high level of food safety, animal
health, animal welfare and plant health within the EU. One
of these is a pan-European Database, RASFF, which provides
a system for capturing and disseminating information on a
wide range of food risks between network members (RASFF,
2011).

As many of the identified events were accidentally discov-
ered through ad hoc monitoring, how many incidents go
undetected and how can the consumer be reassured of the
safety of the global food supply? If safety is the responsibility
of the food producer, might we heed the lessons from past
events to inform and improve HACCP? Where in the supply
chain is risk from chemical contamination best assessed?
With respect to dioxin-related incidents, a high proportion
of these incidents originated from contaminated animal feed
— a critical control point to target. What level of monitoring
is appropriate and what is society’s or a country’s willingness
to pay the price? Monitoring comes at a high price. Some
countries do not have routine monitoring schemes and only
a traceability and post-incident response. These countries
may be viewed by some as having a free ride on those coun-
tries with more extensive and more expensive monitoring
programmes. The EU pays a high price for regulatory moni-
toring schemes in all Member States and still the melamine

88

B. Thomson et al. Incidents of unwanted chemicals in food

incident happened. Absolute safety is not possible, and one is
surprised by the ingenuity of fraud.

International initiatives such as the WHO Global Burden
of Foodborne Disease Project will improve current socio-
economic impact assessments, and food safety. That project
aims, in part, to quantify the burden of foodborne disease,
including disease caused by chemicals in food, in monetary
costs. This will help inform appropriate allocation of
resources to prevention and control efforts, the development
of new food safety standards, monitoring and evaluation
of food safety measures, and assessment of the cost-
effectiveness of interventions. Aflatoxin, a cyanide originat-
ing from cassava, peanut allergens, dioxins, lead and
cadmium, is a priority chemical hazard for this programme
(World Health Organization, 2010).

In addition, the MoniQA consortium has developed a
toolbox for assessing socio-economic impact of regulations
on food safety and quality in terms of efficiency, effectiveness
and consistency, and administrative costs as well as interna-
tional trade among stakeholders (e.g. consumers, industry,
regulatory and control bodies) at different levels (i.e. micro
vs. macro) (Poms & Astley, 2011; Ragona et al., 2011). The
toolbox provides a transparent, iterative, system for all stake-
holders to participate in the assessment. The spread of out-
comes from different stakeholders is a measure of the
variability of the impact assessment. Ultimately, decisions on
food regulations are made by politicians, advised but not
dominated by expert assessors, therefore socio-political-
economic implications are paramount.

Conclusions

Since the end of the 19" century, multiple incidents of
unwanted chemicals in food or feed, which affected the lives
of people in various parts of the globe, have been docu-
mented and reported. The unwanted chemicals, including
environmental contaminants, food ingredients, heavy
metals, mycotoxins, natural toxins, processing contaminants
and veterinary medicines, resulted from poor harvesting or
storage of grain to human error, use of banned veterinary
products, industrial discharges, inadvertent contamination
through processing or food adulteration.

An evolution is apparent from evidence of adverse human
health effects to the prevention of adverse human health
effects through the development and implementation of
effective monitoring and surveillance programmes.

The impact on society of incidents of unwanted chemicals
in food or feed may be economic, environmental, social
and/or political. Impact assessments are fragmentary but
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provide evidence of substantial costs. In purely economic
terms, the highest costs of the cited incidents related to
victim compensation, in the order of €1400 M, from
mercury discharge into Minamata Bay in the 1950s and loss
to the Belgian economy of €1500-2000 M as a result of the
1999 dioxin/PCB contaminated animal feed incident.

Initiatives are in progress that will improve current socio-
economic impact assessments of unwanted chemicals in
food.

An apparent increase of incidents in recent years is due in
part to legislative changes, a wider definition of food inci-
dent and increased incident reporting. Regular incident
reviews help ensure we learn from incidents and assure safe
foods.
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