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Impact of Food SCs on Human Health

- Food security (~ 700M people worldwide live in hunger)
- Food safety and adulteration (600M ilinesses and 420K deaths per year)
- Major two-sided environmental impact (26% of greenhouse emission)

- Source of zoonotic diseases (e.g., COVID-19, SARS, Avian & Swine Flu)

Leveraging SC Analytics and multidisciplinary field
research to inform global and local policy in China
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Global Challenge of Food Adulteration
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Tainted-Baby-Milk Scandal in China

By AUSTIN RAMZY AND LIN YANG | Tuesday, Sept. 16, 2008

o) ¥ Tweet 0 843 Share Read Later
China's food safety officials have once again come —~
under intense scrutiny this week as the number of
infants sickened by a batch of tainted milk powder
expands daily. On September 17, Chinese Health
Ministry authorities announced that over 6200
babies had fallen ill, many developing kidney stones,
from drinking milk made from toxic powder. At least
three have died, and more than 50 remain in serious
condition. Officials have said the number of victims
could climb, the China Daily reported.

Chinese authorities say the milk powder, produced Janan Y
by Chinese dairy giant Sanlu Group, was Achild who had been poisoned by contaminated milk formula
contaminated with melamine, a chemical used in receives medical treatment at a hospital in Hefei, Anhui province.
making plastics. Melamine has been illegally added
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Chipotle's new management still
has the old problem: Food

safety

Chipotle shares sank more than 7 percent on reports of a foodborne illness
outbreak in Ohio.

* While lysts have maintai their cor in the brand, keeping
outperform ratings and even upgrading the stock, it seems that investors remain
queasy.

This is CEO Brian Niccol's first food safety incident with the company since he
began his term in March.

Sarah Whitten | @sarahwhit10
Published 1:48 PM ET Tue, 31 July 2018 | Updated 5:58 PM ET Tue, 31 July 2018
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- Over 40M annual unique food lines imported into United States
- Over 227K food safety incidents in China between 2005 - 2014
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Types of Food Adulteration
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Food Safety Effort in China

BEI JING BUSINESS MANAGEMENT COLLEGE

+ Map fresh water ) kRELERT R

shrimp and fish SC
* Map regulatory
environment
* Develop analytics
risk models

* Map WS markets
* Risk drivers related
to WS markets
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 Visualization of
SC mapping tool
and risk models
* Environmental
data integration
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On the Ground
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CFDA Data Integration
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DATABASE

[ CFDA Searchable Database }

CFDA Interface

Search fields
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Extensive text analytics needed!

- Automated processing (in legal accordance with robots.txt)
- Integrated central data, all provinces & 215/334 prefectures
- 4M tests, 60K files (PDF/HTML/Excel/Word), 15k unique data table structures 7
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Structuring the Data

Raw Data

Sampled Location Name

#1628 A B 35

Wenling Songmen Deging
Century Hualian Optional
Store

RISTHRA B E it o REX
§ I

Processed Data

Sampled Location Address

¥ 4 16 88 fir it

No.261-283 Tianzhu Middle
Road, Songmen Town,

BN RIGTHAA JHERZ

Wenling City, Taizhou City

Where was
> the test
conducted?

1 #%261-2835

Food Name

EmAf

Small Yellow Croaker

NEE R

Adulterant Free Text

T AT E |16 50 45 RII1%
EE

Sampled Location Type |/ EH
Supermarket BN TR
Sampled Location

Prefecture (City) vl
Taizhou City =il
Product Category A
Aquatic Products K =l i
Test Result Mzt 45 R
Failure Ed

The total number of

colonies

|| s0000CFU/g || <30000CFU &
g; coliform

100g

|| 230MPN/100g || <30MPN/|0OMPN/100g

S || soooocrFu/g|| <
3000OCFU/g,7(% EE¥| 23
| <30MPN/100
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Adulterant #1
The total number of

A E 1

What was
tested?

What were
the test
results?

colonies ERIEE

Adulterant #2 AiREEE2
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SC Risk-Source Analysis of Aquatic
Products

30-40% of
Risk

Retail Adulterant Risk Sources

6-16% of
Risk iy

Manufacturers ==

\ 4

Retail
j Wholesale Markets etail Stores
Practices Brokers 1

Breeding Eomm g

Farmlng - 40'530/0 Of Restaurants
(o —

. . o .
B Environment M Farming M Manufacturing I Circulation Circulation — 1-14% of Risk

A 4
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Wholesale Markets

~14.5% of tests

5.2% failures 3.7% failures
4.5% failures

~11% of tests ~56% of tests

:

am — 0 —— O

m — Wholesale Markets
s S !
Breeding Ko d ‘
S
Secondary
WSMs &
Wet Markets
~8.5% of tests

M Environment M Farming M Manufacturing I Circulation

~10.5% of tests

6.9% failures
- Wholesales markets are a consolidation point of the SC (70-80% of
supply through 4,500 large markets)

5% failures
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SC Risk-Source Analysis of Aquatic

More CFDA Regulatory Testing, Lower Failure Rates, Less Sales Volume
More Adulterant Risk from Manufacturers

Manufacturers Retail Stores
14.5% of Tests 56% of Tests

/ 4.5% Failure Rate .7% Failure Rate
Environment [and

Wholesale Markets

Practices 11% of Tests
5.2% Failure Rate

Breeding

Restaurants

Wet Markets 8.5% of Tests

10.5% of Tests 5.0% Failure
6.9% Failure Rate

Less CFDA Regulatory Testing, Higher Failure Rates,
More Sales Volume
More Adulterant Risk from Farms

MT MIT@CBI ChemE

SLOAN SCHOOL Center for Biomedical Innovation



Wholesale Market Monitoring

Opportunity to monitor supply and create SC transparency

Challenging logistics and high volume, fast transactions (overnight)

Develop and pilot wholesale market
transparency, testing & monitoring
(analytics & technology)
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S \ i e
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. -~ \\ CEY W | Guten(glisdin + glutenin) J\,\'\P I
Pathogens Heavy Metal Proteins Small
lons Molecules

Largest WSM Field Survey

Province #WSM  #Vendors Freshwater Marine & processed Freshwater & Marine
Zhejiang 38 463 289 174 NA
Hunan 39 289 284 4 NA
Guangdong 41 407 188 172 47 12
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Alignment with Government Policy in China

Attitude of Chinese Government on Food Safety:

> President Xi (2014): “food safety issues must be one of the most important
priorities of our government.”

Food Safety Policy (Chinese Central Government, released May 2019):

> By 2020, Establish a risk analysis and supply chain management based food
safety regulatory system.

> By 2035, Modernize the national governance system and capacity in the field of
food safety.

Food Regulatory Policy (SAMR, Feb 2019)

> Strengthen random inspections in key areas such as wholesale markets and
campus to increase the problem discovery rate.

MTI ~ MIT@CBI chemE

MANAGEMENT & ¢ ,
OOOOOOOOOOO Center for Biomedical Innovation



Zoonotic Diseases in Wholesale/Wet
Markets in China
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| CNN GLOBAL TOWN HALL

) NEW CORONAVIRUS OUTBREAK IN CHINA —
Is :t\n‘;cke:s‘ary to wear a mask while doing activities outside? .

i A virus that first spread in densely populated animal
New coronavirus outbreak in Beijing linked to market I —

- Wholesale and wet markets in China are a common source of zoonotic
diseases outbreaks (COVID-19, SARS, Avian/Swine Flu)

Correlation between zoonotic disease risks to food safety & adulteration?

Common system-level environmental & management deficiencies »
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Step Il

Step I

Step IV

Step V

Analysis Roadmap

f Identify CFDA DB test records of animal )

L products at markets )

¥

4 N\
Unsupervised clustering to connect

records to specific Markets

¥

Market Risk Scores (Failure Rates)

¥

Province Risk Scores
(Number of CFDA tests at markets in
the Top 20% of risk Scores)

.

Province Analysis
(Association of province risk scores
with zoonotic Flu isolates in humans)
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Associating CFDA Tests with Markets

\
Step 0. g ; N
U R WA g ERZK = 1R BT
Location Name Wuhan Huanan Seafood Gaoshi Aquatic Wholesale Department )
\ e \ )
Step 1. HX HEEERIK KRR il
Identify Constituent Wuhan Huanan Seafood Gaoshi Aquatic Wholesale Department
Parts (Geographic
and Market Geographic Market
Keywords Keyword Keyword
\Zorword) y
\
SteE 2. v
Identify ‘Potential Proper prowe
Name’ (Between AR K
Keywords)
\ I/ \\ /
(" Step 3. V4 X )
Tokenization ,of ‘Potential e =
Proper Name’ for Jaccard .
N Huanan Seafood Gaoshi
Similarity Score y

Accuracy: 90-93%, manually evaluated across three provinces
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Association with Zoonotic Disease

. Is volume of animals passing through high-risk markets
associated with zoonotic disease outbreaks by province?

Regression Variables

Dependent Variable:
Zoonotic Isolates in Humans per Province

Independent Variable:
CFDA Tests at High-Risk Markets

Control Variables:

CFDA Tests at All Markets

CFDA Failures at All Markets
CFDA Failure Rate at All Markets
Production & Slaughter Statistics
Average Daily High Temperature

- Best Model (AIC improvement vs benchmark p<71*10-3)

Conten " eimate | pave

CFDA Tests at High-Risk Markets 0.0435 2.22*10°

Total Meat Production -0.0278 0.114
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Concluding Comments

.- Analytics & Al based decision support tools to guide risk-based sampling
at the SC source:

> High risk SC locations

> High-risk Companies/markets

. Leveraging technology (IT-platforms) to create transparency in the supply
chain (Focus on WSMs)

.- Association between food safety & adulteration and zoonotic diseases
suggests that there are potential important synergies in aligning risk
management and policy interventions in the two domains
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Food SC Analytics & Sensing Initiative

Analytics & Technology to Optimize and Improve Global and
Local Food Supply Chains

Supply chain & Management of food
market design and safety and Access to healthy food
optimization adulteration risks

Farmers & Predictive risk

Agriculture
consumers Practices models &
welfare tools

Testing

. Food deserts Food waste
technologies

mitsloan.mit.edu/centers-initiatives/food-supply-chain-analytics-and-sensing-

initiative/about
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https://mitsloan.mit.edu/centers-initiatives/food-supply-chain-analytics-and-sensing-initiative/about
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