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Automating regulatory compliance 
with connected supply chain data



For Halloween, let’s meet at the movie 
theater for a regulatory horror show…

Today’s nightmare includes: 

• Nitrosamines (NDMA) regulations that have haunted the biopharma 
industry for nearly a decade 

• How to find Nitrosamines skeletons buried in biopharma supply 
chains 

• How connected data can exorcise Nitrosamines, measure the 
damage and reduce financial fallout 

• How AI automates compliance with spooky PFAS, heavy metal and 
packaging regulations by joining legal graphs to operations graphs

While our tale begins with a nightmare, the take-home comfort 
is that regulation is an accelerator to innovation.



Hi, I’m Jonathan Lowe! 

• Analytic solution developer 
for 30 years 

• Biopharma industry 
colleague for 7 years 

• At Pfizer, I led a team of 
200 data scientists and 
developers that: 

• Increased efficiency of 
manufacturing, quality 
and supply chain 
operations 

• Consolidated data, built 
tools and revealed 
insights to operators 

• Got medicines to 
patients faster  

• Today, I run a software and 
services company called 
amalgo.ai that: 

• Helps clients connect 
operations across 
departmental gaps and 
siloed systems 

• Guides mission-critical 
end-to-end decisions



What regulations for Nitrosamines 
(NDMA) have haunted the biopharma 
industry for nearly a decade?
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Nitrosamines 
are first 

synthesized 
and described 

by chemist 
Otto Witt

1878

British scientists John 
Barnes and Peter 

Magee conduct routine 
toxicity screening on N-
nitrosodimethylamine 

(NDMA), a proposed 
new solvent for dry-

cleaning.

1956

Screening reveals that 
NDMA is profoundly 

hepatotoxic and causes 
aggressive, malignant 
liver tumors in rats

1956

 Magee, Hermann 
Druckrey, and 

others test across 
multiple animal 

models

1957

90% of all tested 
nitrosamines 
prove to be 

potent 
carcinogens

1957

Compounds 
are dangerous 

when 
metabolized 
by enzymes 
in the liver 
(specifically 
Cytochrome 

P450)

1958

Compounds break 
down into highly 

reactive diazonium 
ions that bind to 
and permanently 

mutate DNA

1958

But… 
public is 
largely 

unaffected 
because 

Nitrosamines 
are restricted 
to specialized 

industrial 
manufacturing 

like rocket 
fuel or rubber 
vulcanization

1959- 
1969

Discovery: From dry cleaning to deadly tumors
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1958

But… 
public is 
largely 

unaffected 
because 

Nitrosamines 
are restricted 
to specialized 

industrial 
manufacturing 

like rocket 
fuel or rubber 
vulcanization

1959- 
1969

Crisis in 
Norway: 

mysterious 
wave of 

lethal liver 
disease 
strikes 
farm 

animals 
and mink

1970

Investigators trace 
source to herring 
meal (fish food) 
preserved using 
sodium nitrite

1970

Scientists 
realize 
nitrites 

(common 
preservatives) 
easily react 
with amines 
(abundant in 
meat) under 

heat or acidic 
conditions to 
spontaneously 

generate 
NDMA

1970

Researchers find 
nitrosamines in: 

Cured meats 
Beverages 
Tobacco

1970’s

Food science 
quickly 

pivots and 
regulators 

lower 
allowable 

nitrite levels

1970’s

Manufacturers add 
Vitamin C (ascorbic 
acid) or erythorbic 
acid to cured meats 
to chemically block 

conversion of nitrites 
into nitrosamines

1970’s

Breweries change 
kilning methods to 

dramatically reduce 
nitrosamines in 

beer

1970’s

Nitrosamines 
come to be 

considered a 
controlled, 

historic 
problem

2000’s

Discovery: From dry cleaning to deadly tumors 1970’s: The food and consumer scare
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Nitrosamines 
come to be 

considered a 
controlled, 

historic 
problem

2000’s

US FDA and 
European 
regulators 

find massive, 
unacceptable 

levels of 
NDMA in 

Valsartan, a 
widely 

prescribed 
blood 

pressure 
medication

June 
2018

Investigation reveals a 
change in chemical 

synthesis of the active 
ingredient at a 

manufacturing plant 
accidentally creates 

amines and nitrites in 
the factory solvents

2018

Nitrosamine 
impurities 
discovered 
in several 

blockbuster 
drugs

2018- 
2022

Regulators 
require drug 
companies to 

complete 
exhaustive risk 
assessments of 
their chemical 
pathways to 
guarantee 

nitrosamines 
stay below strict 

daily intake 
thresholds

2023- 
Today

Discovery: From dry cleaning to deadly tumors

2018- 
2022

Massive global recalls of: 
Sartans (Losartan) 
Ranitidine (Zantac) 

Metformin (Glucophage) 
Varenicline (Chantix) 

2018-present: The pharmaceutical crisis1970’s: The food and consumer scare
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With strict global regulatory implementation deadlines, manufacturers continue to pour massive 
capital into real-time monitoring and chemical redesigns to avoid the next catastrophic recall.

For drug manufacturers, the financial fallout of Nitrosamine recalls 
unfolded in a devastating, multi-layered timeline

When a manufacturer detects a Nitrosamine 
impurity exceeding the ultra-strict (often 
nanogram level) regulatory threshold, they face 
a sudden and costly operational halt. 

• Logistics and Destruction: Companies must 
physically retrieve, quarantine, and certify 
hazardous waste destruction of millions of 
tablets through rapid, voluntary nationwide 
recalls, which can easily cost $10 million to 
$100 million in direct loss per event. 

• Generic Margin Crush: For producers of low-
margin generic commodities, the cost of 
developing specialized testing methods, 
validating equipment, and filing new 
regulatory paperwork often exceeds an 
entire year’s profit for that medicine.

The ultimate financial reckoning hits years after 
the physical recall, when class-action lawsuits 
and corporate settlements mature. 

• Billions in Legal Charges: The litigation tail is 
heavily documented among industry giants. UK 
pharma leader GSK agreed to pay up to $2.2 
billion to settle roughly 80,000 U.S. state 
court lawsuits tied to Nitrosamines in the 
heartburn drug Zantac. 

• Widespread Settlements: Similarly, Sanofi 
recorded a $100 million settlement for 
thousands of related claims, while Pfizer 
settled 10,000 cases under confidential terms.  

• Reputational Damage: These corporate 
payouts do not even include the invisible 
damage to a brand's reputation and 
subsequent drops in stock equity.

Unlike typical contamination cases caused by a 
dirty factory or single bad batch, Nitrosamine 
formation often happens when specific chemical 
solvents unexpectedly interact with the drug’s 
active ingredients during storage… 

• The Sourcing Domino Effect: When an active 
pharmaceutical ingredient (API) from a 
supplier is flagged, a cascade occurs. Every 
downstream brand, packager, and distributor 
utilizing that API must immediately freeze 
their supply chains. 

• Market Share Forfeiture: While a 
manufacturer halts production to reformulate 
their drug or find a new supplier, the market 
moves on. Competitors who avoided the 
impurity quickly step in, permanently eating 
away the affected manufacturer's market 
share.

Immediate Operational Shock Supply Chain Paralyzation Multi-Year Litigation Tail 
1 2 3
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How to find Nitrosamine skeletons 
buried in biopharma supply chains?
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C-Suite: “Trace our genealogy for NDMA origins, impacts & remedies!”

Isolate and test 
every possible point of 

origin where nitrites could 
react with amines across 

our entire recipe 
genealogy!

R&D Global 
Supply

Com-
mercial

Measure the 
Nitrosamine levels 

downstream of the origin 
points and identify all 

impacted finished goods 
batches!

Inventory all 
batches we are shipping to 

all markets, find any we can 
reroute to other markets and 

report on the monetary 
costs and savings!

The lofty 
C-Suite

The 
humble 
Builder

As you wish…
How will I 

do all this?!

amalgo.ai

Hurry 
up.

CEO

Never say 
“recall”

HR



C-Suite: “Trace our genealogy for NDMA origins, impacts & remedies”

Maybe you’re wondering:  What exactly is a recipe genealogy in the first place?

amalgo.ai

Have you built a 
digital recipe 
genealogy?

R&D

Well…let’s 
take a tour of our 

graph model.
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Vendors, raw materials & drug substance (API) —> drug product
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Drug product —> (primary) packaged product
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Primary packaged product —> finished packaged product



The detailed inventory shown here covers only one material’s operations…
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This diagram of all materials at a 
single site is much more complex 
and interwoven than the single-
material example we’ve looked at 
previously.  

It’s so much more complex that its 
deep iceberg of connections doesn’t 
fit legibly on a single slide.



Not scared yet?  

Remember:  

• Nitrosamines can form at any point 
along any of these flows. 

• This site’s small molecule recipes 
use purchased API which makes 
their flows much simpler than if 
they made API in-house.



In-house API production for synthetic peptides

In-house API production for biologics such as 10-25 serotype vaccines

How will I 
do all this?!



How connected data can exorcise 
Nitrosamines, measure the damage 
and reduce financial fallout

amalgo.ai



ERP QMSLIMSMES

Knowledge Graph

PLM HR

Pinpoint Nitrosamine origins Quantify downstream impacts Reduce financial fallout

Reroute?
NDMA origin

Neo4j 
database of  

real-time 
connected 
genealogy

System-of-
record source 

data

User-facing 
web-based 

applications 
and insights

Bulk & queued 
Extract-
Transform-Load 
(ETL) processes

GraphQL API 
(read-write)

System-of-record data remains as-is — graph persists connections
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Financial returns from Context Graph & AI  
that reduces QA investigation durations 

Neo4j - GraphTalk Munich - 2 July 2026 

( https://www.youtube.com/watch?v=wvEFvWytIvw )
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https://www.youtube.com/watch?v=wvEFvWytIvw


C-Suite: “Trace our genealogy for NDMA origins, impacts & remedies”

Maybe you’re wondering:  What exactly is a recipe genealogy in the first place?

amalgo.ai



Apps built on top of a knowledge graph search for existence of 
Nitrosamines in all products and analyze impacts across the portfolio



C-Suite: “Trace our genealogy for NDMA origins, impacts & remedies”

Pinpoint Nitrosamine origins

NDMAs can form anywhere along the supply chain, 
even while just sitting in the warehouse. To find 
origin points, we need a detailed inventory of all 
points of potential chemical interaction. 

“Genealogy” is a term for this inventory of 
material movements and points of interaction. It 
includes:

Vendors API
Drug 

Product
Packaged 
Product Markets

CMOs

2

Deviations

Equipment

amalgo.ai



C-Suite: “Trace our genealogy for NDMA origins, impacts & remedies”

Pinpoint Nitrosamine origins Quantify downstream impacts

After finding an NDMA 
entry point at the batch 
level, we need to:  

• Identify all downstream 
intermediate and 
finished product 
batches the NDMA has 
contaminated 

• Test NDMA levels in 
finished product 
batches for comparison 
to allowable levels in 
their specific 
destination markets 

• Calculate the cost of 
the recalls

NDMA origin

NDMAs can form anywhere along the supply chain, 
even while just sitting in the warehouse. To find 
origin points, we need a detailed inventory of all 
points of potential chemical interaction. 

“Genealogy” is a term for this inventory of 
material movements and points of interaction. It 
includes:

Vendors API
Drug 

Product
Packaged 
Product Markets

CMOs

2

Deviations

Equipment
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C-Suite: “Trace our genealogy for NDMA origins, impacts & remedies”

Pinpoint Nitrosamine origins Quantify downstream impacts Reduce financial fallout

After finding an NDMA 
entry point at the batch 
level, we need to:  

• Identify all downstream 
intermediate and 
finished product 
batches the NDMA has 
contaminated 

• Test NDMA levels in 
finished product 
batches for comparison 
to allowable levels in 
their specific 
destination markets 

• Calculate the cost of 
the recalls

Different markets set different regulatory 
constraints over time. Rather than simply 
recalling all tainted goods… 

• Can in-transit stock with zero or low 
levels of NDMAs be rerouted to markets 
with the most strict regulatory limits?  

• Can in-transit stock with higher levels 
of NDMAs be rerouted to markets 
where it still fits within the (less strict) 
regulatory limits?

Reroute?
NDMA origin

NDMAs can form anywhere along the supply chain, 
even while just sitting in the warehouse. To find 
origin points, we need a detailed inventory of all 
points of potential chemical interaction. 

“Genealogy” is a term for this inventory of 
material movements and points of interaction. It 
includes:

Vendors API
Drug 

Product
Packaged 
Product Markets

CMOs

2

Deviations

Equipment
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Our horror movie has a romantic sub-plot, with treats not tricks!
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Thanks to science, our day-to-day exposure 
has become incredibly low compared to 
generations past. 

So, we can all get back to business as usual, 
right…?
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Wrong! There’s a spooky sequel about 
compliance with heavy metals, PFAS 
and packaging regulations…

What happens in the sequel? 

• There are new threats to human health in our medicines, food, 
cosmetics and packaging.  

• Heavy metals and PFAS (“forever chemicals”) are now targets for 
regulatory compliance, along with regulations designed to 
improve package safety & recycling. 

• Thankfully, that knowledge graph you built to manage 
Nitrosamines is reusable for all of these new regulatory concerns. 

• Unlike in the era of Nitrosamines, modern AI is enabling 
partnerships to automate regulatory compliance in ways not 
previously possible…

amalgo.ai



Polluter pays: The Packaging and Packaging Waste 
Regulation (PPWR) Extended Producer Responsibility 
(EPR) framework is designed so that the industry 
collectively funds 100% of the physical waste 
management network. 

Who is charged? Through the PPWR law, Governments 
charge brand owners, importers, or distributors — the 
consumer goods companies that choose the packaging 
and introduce the finished products into the market. 

Who collects fees? Rather than direct government 
billing, companies pay fees to Producer Responsibility 
Organizations (PROs) like Belgium’s Fost Plus or 
France’s CITEO. 

What do fees fund? The PRO uses the pool of producer 
fees to reimburse municipal governments and 
recycling operators for the net costs of collecting, 
sorting, and processing that specific packaging. 

EPR fees also actively fund the infrastructure and 
management of the recycling economy, including 
building recycling facilities, scaling up local collection 
programs, educating the public and finding viable end 
markets for recyclable materials.  
 
Why bother? The goal is for every EU state to have an 
economically viable recycling network by 2030.

Bottle maker A, 
using 0% recycled 
plastic, charges 
€0.10 each

The Public throws 
the packaging in 

the trash

The Government 
burries the trash 

in landfills

Waste haulers 
collect & transport 
the sorted waste

Material Recovery 
Facilities recycle waste 
back into raw materials

Fees 
€

Funds 
€

Packaging Choices

PPWR-driven fees are higher for Bottle maker A’s 
packaging. This incentivizes brand owners, importers and 
distributors to purchase more sustainable goods from 
upstream packaging manufacturers like Bottle maker B.

PPWR regs drive economically viable recycling networks 

The Public discards 
the packaging into 

household sorting bins

Bottle maker B, using 
50% recycled plastic, 
charges €0.30 each

The Public receives 
packages by mail or buys 
products in retail stores

Manufacturer fills bottles 
with drink, then boxes and 
ships them to points of sale



Regulations are typically long documents, heavily cross-referenced 
and written in confusing “legalese” language (example: EU PPWR)

This sentence refers to 
two other Articles. The 
half-page shown here 
references 12 other 
information sources 
(articles, annexes, 
tables, paragraphs) 
found either in this or 
other documents.

Example: 2024 EU 
recycling regulations 

This half-page 
excerpt comes from 
the main Packaging 

and Packaging Waste 
Regulations (PPWR) 
document, which is 

120 pages long.
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Supplier’s 
Certificate 
of Analysis

Danger: Direct 
gas reactions can 
yield byproducts 
like perfluoroalkyl 
carboxylic acids 
(PFAS) that can 
leach straight into 
liquid medicines 
over time.




Neo4j offers a solution for automatically converting free-text from 
one or more documents into a structured knowledge graph

Knowledge graph 
representation of information

Expert human lawyers 
validate and update the 
knowledge graph 
manually for accuracy, 
completeness and 
consistency with laws.

Legal Review of 
knowledge graph

Text representation 
of information

Surface Treatment: These containers undergo a post-
molding, in-line flourination process utilizing a flourine/
nitrogen gas mixture to enhance barrier properties and 
reduce barrier permeation.

AI 
information 
extraction 
pipeline

The financial contributions to be paid by producers to fulfill 
their extended producer responsibility obligations as 
referred to in Article 45 shall be modulated based on the 
recyclability performance grades achieved by the 
packaging, in accordance with the criteria set out in Article 
46(3) and without prejudice to the requirements of Article 
5(2) regarding substances of concern.

4. The Commission is empowered to adopt delegated acts in 
accordance with Article 58 to supplement this Regulation by 
establishing: (a) design for recycling criteria and 
performance grades based on the parameters listed in Table 
2 of Annex II; (b) the methodology for the assessment of the 
recyclability at scale, which shall incorporate the criteria 
established in Article 47(2) and the reporting metrics 
provided under Article 50(5).

Document 1

Document 2

Document 3
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Using deterministic logic, Amalgo connects regulatory and operations 
graphs to automatically check for non-compliance

amalgo.ai

Regulatory 
graph 

&  
Supplier 
Analysis 

graph

Operations 
graph



Apps visualize connected regulatory and operations data to 
automatically guide biopharma clients on the path to compliance

PPWR fees and 
obligations 

depend on who 
first places 

packaging in a 
nation state. 

Operations 
knowledge 

graphs provide 
the supply chain 
data needed to 

confirm the 
PPWR roles.

If any component 
in a packaging 

unit fails to meet 
a regulatory 

requirement for 
heavy metals, 
the whole unit 

can’t be shipped.  
Amalgo’s solution 
spots compliance 

failures early.
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Adding graph data about alternate packaging materials enables not 
only compliance and improved recyclability, but reduction of fees

amalgo.ai

Our tale began with a nightmare, but is ending with hope 
driven by regulation as an accelerator to innovation.



Stay tuned...

Announcement pending...



Jonathan W. Lowe   -        amalgo.ai   -  15 October 2026

Neo4j GraphTalk Boston

Automating regulatory compliance 
with connected supply chain data

Let’s talk about connected 
data and defensible decisions. Thank 

you and Happy Halloween!


