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Rank Substance Name Total Points 

1 Arsenic 1670.4

2 Lead 1529.2

3 Mercury 1458.6

4 Vinyl Chloride 1359.8

5 Polychlorinated Biphenyls 1343.5

6 Benzene 1328.5

7 Cadmium 1318.7

8 Benzo(A)Pyrene 1304.7

9 Polycyclic Aromatic 

Hydrocarbons 

1279.7

10 Benzo(B)Fluoranthene 1251.2

ATSDR 2013. www.atsdr.cdc.gov/spl
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Is turmeric a 

super-food or a 
super-fraud? 



Super

Killer ?  







Sample 

Number

(N)

Max.

(mg/kg)

+ve 

Detections

(N)

>ML (1.5 mg/kg)

(%) 

India 293 5 24 8

Tanzania 126 4 14 11

Cameroon 118 4 23 19

Bangladesh 104 11 14 13

Ghana 34 5 7 20

Philippines 10 2 1 10

Nigeria 5 3 1 20

Vietnam 4 4 3 75

UK supply 

chain

109 1 1 0 

Total 803 

Turmeric Powder Sample Sources
 & Emerging Markets

10-20%
High Pb 
 

Them and Us



• Toxic azo dye

•Class II potent 
carcinogen compound

• India- Biggest producer 
in world

Adapted from Sahu et al., 2020

Metanil Yellow 



RESULTS - NIR & Metanil Yellow 



Samples Samples with MET (n) Concentration of 

MET (%)

Samples with MET 

detected (%)

Cameroon 

(n=100)

0 0 0

Tanzania 

(n=126)

10 0.07-0.237 7.9

Bangladesh 

(n=99)

8 0.007-0.463 8.1

Total (n=325) 18 0.007-0.463 5.5

RESULTS: NIR & Metanil Yellow 



Samples Samples with MET (n) Concentration of 

MET (%)

Samples with MET 

detected (%)

Cameroon 

(n=100)

0 0 0

Tanzania 

(n=126)

10 0.07-0.237 7.9

Bangladesh 

(n=99)

8 0.007-0.463 8.1

Total (n=325) 18 0.007-0.463 5.5

RESULTS: NIR & Metanil Yellow 

All from Dhaka



FTIR

3 models were used:

• turmeric >2% curcumin level 

binary model

• all turmeric binary model

• all turmeric multi class model



Aim: Authenticity testing of a sub-set from amongst the suspicious TP samples was taken to our collaborator, 

Bia Analytical, using ISO 17025 Accredited method FTIR/Chemometrics.

Observation:

FTIR Analysis

Conclusion: 6/10 TP samples were non-compliant. 2 suspicious – thought to be other spices but not turmeric. 

May contain unknown adulterants



N = 20 N = 20 N = 126 

FTIR Analysis

Visually there are obvious differences between spectra from the turmeric samples 

collected from Tanzania, Cameroon and India  

Established chemometric models were used to test the samples to 

check if they were authentic or not



Overall, 77% of samples tested for authenticity were non-

compliant.

Suggests fraud involving mis-labelling and addition of spent material

N = 20 N = 20 N = 126 

FTIR Analysis



Mean (max) Pb 

levels: 1.89 – 3.62 

(10.90) mg/kg     

(5-30 %)

Metanil yellow levels: 

0.007 – 0.463 in 5.5 % 

of total samples 

Non-compliant samples -

Suspicious: Not turmeric powder

Multi-

instrumental 

calibration 

Stable C and N

Pb & Cr 

distribution map

Pb Isotope Ratio

All Together:





Tanzania

 ratio 





Tanzania

 ratio 



Fe Zn

As

P

Mn

Cu

C

Rice 

Grains

Low 

High 

Williams  et al. 2009

µ-XRF 

LA-ICP-QQQ-MS 



LA 
QQQ-ICPMS 



Enhance the accuracy and precision of XRF detection

Certified Reference Materials 

(CRMs):

❑ 21 soil CRMs

❑ 65 food and biological material 

(FBM) CRMs

LR

PLSR

RFR

LR

PLSR

RFR

Machine Learning

LR PLSR RFR

Field Test Laboratory Test

Handheld XRF Benchtop XRF

Multi-elemental Measurement



Enhance the accuracy and precision of XRF detection



Sample Diversity (soil matrices) 
Sample Diversity (FBM matrices) 

FP-ML Calibrations & Comprehensive Assessment

Handheld XRF

Benchtop XRF

Multiple XRF Platforms & Elemental Diversity



Cert. [ ] 

vs. 

XRF [ ]

Cert. [ ] 

vs. 

XRF 

Recovery

BT-XRF HH-XRF BT-XRF BT-XRFHH-XRF HH-XRF



Level 1 screening focused on elemental 

detectability and the performance criteria 

Level 2 performance evaluation assessed the linear 

association between measured and certified 

concentrations using Pearson’s correlation 
coefficient (RPearson) 

Level 3 evaluation employed the coefficient of 

determination (R2), calculated from measurement 

residuals 

Level 4 performance evaluation assessed 

analytical accuracy using recovery analysis 

Level 5 represented the strictest performance tier, 

focusing on analytical precision and repeatability of the 

XRF measurements as assessed by averaged relative 

standard deviation (RSD)



Performance 

Criteria 



ML 

Corrections



ML 

Model 

Performance



No One Size 

Fits ALL 



Turmeric 

specific 

Models 

United Kingdom (n= 109)

Ghana (n= 34)

Nigeria (n= 55)

Cameroon (n= 117) Tanzania (n= 126)

South Africa (n= 21)

India (n= 293)

Bangladesh (n=105)

China (n=2)

Vietnam (n= 7)

Philippines (n= 28)

897 

Turmeric 

Samples

Benchtop XRF Testing

Sample detected Pb positive

141 / 897

897 total samples

141 

Pb positive 

samples

Accumulated LODLOD Distribution vs. RegionLOD Distribution

ICP-MS Confirmation

Handheld XRF device 

FP-matching library 

calibration

Machine learning-assisted 

calibration framework

Improve Pb 

detection 

accuracy ?
Sample detected Pb positive

17 / 141

141 total samples

17 

Pb positive 

samples



LOD variation 

BT



LOD variation 

BT with FP-ML 
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BT-XRF FP Calibration 

Pb

FP-matching library Calibration 

Pb



Relative recovery of machine learning 

corrected BT-XRF  measurements 

against ICP-MS reference values for 

multi-element analysis in turmeric 

training samples

(a) (b)
Pb



Thank u 

Any Q? 
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