Food management Using

Risk Assessment
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Hazardous Factors Related with Food Safety

. Hazardous
Natural Toxins Reaction Products

Food Additives l (Radiation, Biotechnology)

Food Safety

Contaminants / I \

from Packaging Microbial

Material
Environmental Contaminants

(Heavy Metal, Pesticide,
Haloganated Organic Pollutants
; PCB, Dioxin et al.)
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Hazardous Factors in Pathway
- from Raw Material to Consumer

. . Storage and
« Natural Toxins » Hazardous Reaction Products -
« Microbial (biochemical changes)
« Contaminants « Additives, Preservativies

« Biotechnological Product

_f' Food Choice > —— (¢ Preparation and Food Intake
Preservative T

« Chemical Deterioration

{Oxidation Photo-reactions) * Chemical transformation _
* Microbial (production, storage and packaging
« Contaminants from Packaging Material * Microbial (re)contamination or Growth

(monomers, plasticizer, metals,
printer's ink components)

gpes of Food Safety and Quality Activities
arried Out by Principal Federal Agencies
: USDA .

Acivity

FDA AMS FGIS SIS EPA__ NMFS
Inspections x X x x X X
Quality grading X X X
Collect/analyze samples X X X X X X

X a a a X X
Develop standards for :

X X X . . X
Facilies b3 X x .
Equipment X X %
Processing procedures X x x .
Labels x X X
Packaging X b3 X
Approve before use :
Facilibes X . b .
Equipment X X X . .
Processing procedures x . X . .
Product recipesformulas . X X . X
Labels . X x X .
Packaging . X . .
Food colors/additives X
Animal drugsfood additives x
Pesticide products X
Set residue tolerances for
Pesticides . X
Other contaminants X

a Agricultural Research Service carries out research for AMS, FGIS, and FSIS.
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ri cnpal» Food Safety and Quality Legislation and

Federal Agencies Responsible for Implementation

Legislation®

FDA

Agricultural Marketing Act of 1946 (AMA)
Agricuftural Marketing Agreement Act of 1937
Egg Products Inspection Act {EPIA)

Federaf Anti-Tampering Act

Federal Meat Inspection Act (FMIA)
Federal import Mitk Act

Infant Formula Act of 1980

Lacey Act

Monitoring Planning Act -
Pesticide Monitoring Improvements Act
Pouliry Products inspection Act (PPIA)
Public Health Service Act (PHSA)

Safe Drinking Water Act
Toxic Substances Confrol Act
U.S. Grain Standards Act (USGSA)

Federal Food, Drug, and Cosmetic Act (FFDCA)
Federal Insecticide, Fungicide, and Rodenficide Act (FIFRA)

Magnuson Fishery Conservation and Management Act
National Ocean Polfution Research and Development and

X

X
X
X

USDA
AMS __FGIS

X

FSIS EPA  NMFS
. . X

AThis ksts 18 of the principal laws administered by these six agencies, which also administer 10 other less significant food safety
and quality laws.

Federal Agencies Responsible for Regulating,

Monitoring, or Performing Quality Grading Services

for Various Food Industries

USDA
Food Industry
FDA AMS FGIS FSIS EPA MFS

Dairy X X . X .
Eggs/egg products X X . X .
Fruits/vegetables X X . X .
Grain/rice/pulses X . X X .
Interstate conveyances  x . . . .
Meat and poultry . X . X .
Restaurants X . . . .
Seafood X . . X X
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Data Linkage for Food Risk Assessment
of Environmental Contaminant

Animal Toxicity Data

ADI(A cceptable Dalily intake)
(Li erence Dose
Daily Dose) (Cancer Potency

r Risk Characterization ]
* Exposure Contribution
Cost—Bengﬁt Analﬁ):_sis related with each option

Continuing Survey of Food Intakes by Individuals

WHAT WE EAT IN AMERICA : 1994-1996
DAY ONE INTAKE QUESTIONNAIRE
| PLACE CASE LABEL HERE ]
SAMPLEPERSON#:
INTERVIEWER NAME : AM......... 1
TIME STARTED PM......... 2
INTERVIEWERID; e AL 1
TINE STARTED PM......... 2
DAY OF INTERVIEW : INTERVIEW CONDUCTED :
IN PERSON................ 1
BY TELEPHONE........ 2
FIRST NAME OF
SAMPLE PERSON : FOR HOME OFFICE USE ONLY
DATEOFBIRTH: ___-_ - DATE RECEIVED
OR VERIFIERID:
AGE : YRS....coone 1 MC:.__YES __ NO
MOS............... 2 BATCH#:
SEX: M. 1 F 2
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Individual Intake Form

Q1. Q2 Q3 Food/Dri%g Q4
Quick List of Time | Occ. And Additions Descnptlon of Food/Drink
ood ltems Hand- and Ingredient Amount
ard12) |
9:00% _ 1 Pizza 1 Slice
9:00@ 2 Coke © ACup
P
a 3 Tomato 1/2 Piece
p
a 4
P
a 5
p

Basic Information Needed in Food Risk Assessment

i ats’Database

Contaminantsdibution

Food Consumpt:on Database
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umaﬁ Exposure Assessment of Chemical

Using Food Ingestion Data
ADD.LADD = Cx CF xBIO x Prep > IRy x EFi xED, |
' AT x Days 1t BW,
ADD average daily dose for non-cancer effects(mg/kg per day)
LADD  lifetime average daily dose for cancer effects(mg/kg per day)
v chemical concentration in food (mg/kg)
CF conversion factor (kg/10°g)
BIO relative oral bioavailabllity factor, which adjusts for difference in chemical
bioavailability, if applicable (unitiess)
Prep reduction in concentration due to food preparation (unitless)
IR ingestion rate for food in age period i (g/day)
EF, exposure frequency in age period i (days/year)
ED, duration of exposure in age period i (years)
BW, average body weight in age period i (kg)
AT averaging time (70years for carcinogens, duration of exposure
for noncarcinogens)
Days conversion factor {365days/year)

Crystal Ball { Monte Carlo Simulation

An efficient technique for analyzing
these types of problems

+ An illustration of an unmodified
Monte-Carlo sampling method

Output Y
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Prediction of Food Contamination
Using Transport model

diffusion Air
/1

- Inhalation Deposition

g Diffusion

Volatilization

frrpestion

m Runoil

fnfiltration (o ground water Sediment

Developmental Toxicity Risk Assessment (1991)
o el - Guidance

* Death of the developing organism
{prenatally or postnatally)

« Structural abnomnalities
(including birth defects or teratogenicity)

» Altered growth

+ Functional deficiencies
(e.g., neurological, pulmonary, cardiovascular, renal)
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Several Default Assumption must be made
in Developmental Toxicity Risk Assessment

1) Adverse effects seen in animal studies are assumed to
indicate a potential risk for humans.

2) All manifestations of developmental toxicity are of
concern.

3) The types of effects seen in animal studies are not
assumed to be the same as those in the human.

4) The most appropriate (e.g., based on pharmacokinetics)
or sensitive animal species is used to estimate risk to

human.

5) In general, a threshold is assumed for the dose-
response curve.

Reproductive Toxicity Risk Assessment (1996)

- Guidance

» Visual examination and histopathology.

« Sperm evaluation
(sperm number-count, morphology, motility)

« Sexual behavior
(mounts, intromissions, ejaculations)

* Hormone levies
(Luteinizing hormone, follicle stimulating hormone,

testosterone, estrogen, prolactin)

» Developmental effects
(Testis descent, preputial separation, sperm production,
ano-genital distance, structure of external genitalia)
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Reproductive Toxicity Risk Assessment (1996)
et . - Guidance

» Visual examination and histopathology
» Estrous (menstrual) cycle normality(Vaginal smear cytology)

*Sexual behavior
(Lordosis, time to mating, vaginal plugs, or sperm)

*Hormone levels .
(LH, FSH, estrogen, progesterone, prolactin)

L actation (Offspring growth, milk quantity and quality)

*Development
(Normality of external genitalia, vaginal opening, vaginal
smear cytology, onset of estrous behaviorfmenstruation])

*Senescence
(Vaginal smear cytology, ovarian histology[menopause})

Application of Benchmark Dose(BMD)

*

+ BMD(Benchmark dose)

. : The lower 85% confidence
bound on dose which
results in some

Fiting curve prespecnﬁed level of excess
S risk
0.1 4 » The benchmark dose is
L? based on a model-derived
: Dose estimate of a particular
A incidence level, such as 5%
or 10% incidence

Response

Lower

bound BENCHMARK DOSE

{BMD)
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Application of Margin of Exposure
using ED,,, LED,,

Extrapolation Range Observed Range

Table(Food)
uncooked, un-reheating

Animal

Canned Food Product
heating time and temperature holding time, temperature,
for target organism and new infection

- 33 -



Procedure of Microbial Risk Assessment
in food

I Hazard Identification '
. el
Exposure Assessment

N
.

Dose-Response
Assessment

- . — Risk Estimate with
‘ Risk Characterization “ Attendent Uncertainty

Microbial Risk Assessment

+ Hazard identification is accomplished by observing and defining the types of adverse
heatth effects in human associated with exposure to foodbome agents

+  Clinical studies, epidemiological evidence(mortality ratios, iiness severity, and mortality
ratios), surveillance, laboratory animal studies, investigations of characteristics of
microorganisms, et.al.

Example). Cases, severity, and montality associated with saimoneila and E.coli infections in the U.S (Bennett
et al,, 1987; Gerba et al., 1984; Smith et al. 1993; Meyers 1989)

Salmonelia E.coli
Annual number of cases 2,000,000 200000
Annual number of deaths 2,000 400
% Foodborne 96.0 25.0
Mortality ratio{ %) 0.1 0.2*
Severity ratio{%)™ 4.1 127
% Associated with reactive arthriditis 23 NA
Mortality ratio in nursing homes 38 118

* E.cofl O157:H7
**Hospitalized cases/Total cases during outbreaks
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Microbial Risk Assessment

Example) Adverse health effects associated with risks
from exposure to salmonella

Exposure: 1 colony forming unit

» Probability of infection 7.5x103
Pi = 1-exp(-0.00752 x 1)

« Probability of severity 31x104
(Pi x 0.041)

+ Probability of motality 7.5x10%
(Pix 0.001)

Risk of mortality = Pi

Microbial Risk Assessment

Temperature : 10-30°C, NaCl(%) : 0.5
pH : 4.5 - 6.0, Water activity : 0.997

‘Food MicroNode!
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Application of Biotechnology

Origina
Product

Biotechnology

How do we ensure
its safety?

WHO Revises the Tolerable Daily Intake (TDI)
to the TCDD (Dioxin ‘98)

_— hnmalData "~ Most Sensitive Effect

» Lack of direct DNA-damaging effect : ggg:g%m
n-genotoxic mechanism * Deyelopmental Efiec
Body Burden in rat
and monkey

Comesponding 10 - 50 ngfkg BW.

Humizn Dally Intake Composits Uncertainty Factor: 10 ™I
10 - 40pghkg B.W./da « LOAEL instead of NOAEL W
« Animal to Human

« Different Components of a TEQ Mixture

- 35 -



PCDDs/PCDFs Level in Food by Nations(!jioxir; ‘08)

Food Level Nation Year
Mitk 0.84pg TEQYg lipid USA 1998
Beef 1.36pg TEQYg lipid ' 1971
Potato 0.8 pg TEQ/kg wet 1994-1997
Chicken 2.54ng TEQ/g lipid Russia 1998
_Fish ___1173.0 pg TEQ/g lipid 1998
Butter 0.55 pg TEQ/g fat Germany 1996
Beef 0.46 ng TEQ/kg fat 1968
Poultry 0.22 ng TEQ/Kg fat 1988
Beef 1.75 pg TEQ/g fat Netherlands 1990-1991
Milk 1.49 pg TEQ/g fat 1990-1991
Salmon 56 ng TEQYg wet Sweden 1994
Seafish 0.87 ng TEQY/kg fat Japan 1996
Marketfish | 0.33 ng TEQ/kg fat 1996

Contaminants in Swedish Human Milk Decreasing Levels of
Organochliorine and Increasing Levels of Organobromine Compounds.

Year Pollution Contribution (human mitk)
1972 DDE > PCB > DDT > HCB
57%_ _ 24%  16% 13%
1997 PCB > DDE > DDT > HCB » PBDE
67% 21% 3% 2% 1%

Half Life Estimation of Hazardous Compounds in Human Milk,

Compound | Halfife Compound Half-life
DOT 4 years PCN 8 years
DDE Syears | TEQPCDDs/PCDFs/PCB | 15 years
PCB 14 years HCB 6 years
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Induction of Theoretical Maximum
Residue Concentration {TMRC) for management

of Food Contaminant
* Reproductive effect
» Developmental toxicity
* Toxicity of the nervous system

» Carcinogenicity

NOEL
: Uncertainty factor
Y
T T 0% of RMD(Dietary exposire
| ToeranceVaive 0 oons(xderatgn) pos
‘,.! DailyConsumdDam}— Assessing chronic dietary exposure
i Aggregate exposure

‘Esfimate of TMRC
(Thacretmi Maximum Residue: Oomnmtion)

3 ; .
. lfmeTMRCexceeds'he’Rm agencyattempts o
i 1o derive a more accurate exposure e

mtended to account for variation in susoept;bxlxty among human pepulatm ie
high nigk group

Finding of TMRC (Theoretical Maximum Residue
Concentration) Value for Carcinogen Using Current
Consumption Data

% Contribution {mg/kg/day) x Q, (mgikg/day)"

Goal
* Exposure contribution

of specific food to the

total exposure

Tnduchon of TMRG
- ol (3] u R L5 #0  H¥ WH WS G
Ingestion Rate Body weight
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Application of Risk Assessment
for Food Management

Ex) Management on chemical A in some food

Is It Safe ? " Risk Assessment
Daily intake dose

Toxicity value { NOAEL, cancer data)
Quantification Human Exposure
10mg/g Risk Characterization

Result ,
5 x 105 (Risk on chemical 10mg/g in Can)

Manage Goal (for 1 x 10%) |

Cost-Benefit Analysis

Treatment method

'——¢ o V‘ ;————'

Y
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RISK MANAGEMENT FRAMEWORK
ELEMENTS OF RISK MANAGEMENT

A Risk evaluation
- Identification of a food safety problem
- Establishment of a risk profile
- Ranking of the hazard for risk assessment and risk management priority
- Establishment of risk assessment policy for conduct of risk assessment
- Commissioning of risk assessment
- Consideration of risk assessment
B. Risk management option assessment
- Identification of available management options

- Selection of referred management option, including consideration of an appropriate safety
standard.

- Final management decision
C. implementation of management decision

D. Monitoring and review
- Assessment of effectiveness of measures taken
- Review risk management and /or assessment as necessary

Management Goal of Food

Microbial
Bjotechnolog

GOOD RISK MANAGEMENT
AND COMMUNICATION
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