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food N7
m 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 1279.7
Hydrocarbons
10 Benzo(B)Fluoranthene 1251.2

ATSDR 2013. www.atsdr.cdc.gov/spl



e IGFSE

Da rtn e rS h I p fO r a choll (@) FooDsAFER
_ead_ :ree FUtU re June 10-11t" 2026

The world s spending to fight global lead
poisoning just doubled

1.5 million people die from lead exposure a year. This new global partnership could
change that.

by Dylan Matthews § >

TOWARD A
LEAD-FREE
FUTURE

Susao

USS 6 trillion per year
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Is turmeric a

super-food or a
super-fraud?
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Nation

Bihar shelter home deaths: Food
items found adulterated, action

taken against 13 officials S u e '
Three inmates died and 12 others fell il due to food poisoning at
Ashra Grih, a state-run shelter home in Patna, for differently-abled
K . I I
I e I @

women, They fell ill after consuming breakfast on November 7.
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Review
Africa, an Emerging Exporter of Turmeric: Combating Fraud with
Rapid Detection Systems

by

Wilfred Angie Abia '?, Simon A. Haughey """, Radhika Radhika ', Brandy Perkwang Taty >, Heidi Russell ',
Manus Carey ', Britt Marianna Maestroni ', Awanwee Petchkongkaew 5, Christopher T. Elliott !5
and Paul N, Williams '©
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*  International Joint Research Centre on Food Security (IJC-FOODSEC), 113 Thailand Science Park,
Phahonyothin Road, Khong Luang 12120, Pathum Thani, Thailand; awanwee@hotmail.com
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Turmeric Powder Sample Sources @I IGFS==-

& Emerging Markets pholl (@) Frooosares
Sample Max. +ve SML (1.5 mgikg)
Number Detections
(N) (mg/kg) (N) (%)
India 293 5 24 8
Tanzania 126 4 14 11 Them and US
Cameroon 118 4 23 19
Bangladesh 104 11 14 13 0
Ghana 34 5 7 20 1O_ZOA)
Philippines 10 2 1 10 I
Nigeria 5 3 1 20 ngh Pb
Vietnam 4 4 3 75
109 1 1 0

Total 803
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) India_ Biggest prod ucer Adapted from Sahu et al., 2020
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RESULTS: NIR & Metanil Yellow ' >
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Samples Samples with MET (n)  Concentration of  Samples with MET
MET (%) detected (%)

Cameroon 0 0 0

(n=100)

Tanzania 10 0.07-0.237 7.9

(n=126)

Bangladesh 8 0.007-0.463 8.1

(n=99)

Total (n=325) 18 0.007-0.463 5.5
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Samples Samples with MET (n)  Concentration of  Samples with MET
MET (%) detected (%)

Cameroon 0 0 0

(n=100)

Tanzania 10 0.07-0.237 7.9

(n=126)

Bangladesh 8 0.007-0.463 8.1

(n=99)

Total (n=325) 18 0.007-0.463 5.5

All from Dha ka
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3 models were used:

e turmeric >2% curcumin level
binary model

e all turmeric binary model

e all turmeric multi class model



FTIR Analysis >
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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:

All Turmene Binary Modlel
Tarmeric (»2% Curcumin Leval) Binary Maodel

. Ashentic AllTarmeric Mult-clsss Modal

oo W EASTA I chirecarss Wiewe
- . idtecatee . & 2 Bwvxa
& - | B8
S at
5 EASED & 8 ® —orien
E:‘S’Ss ' ” Eassg : F&q?q \ .-.Al-. LN
o AsT e

e w

o , 2 2
" nvia & | E-\S?a‘/ 3 ’ ’ i “ » & E&’?wLU

Conclusion: 6/10 TP samples were non-compliant. 2 suspicious — thought to be other spices but not turmeric.
May contain unknown adulterants
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-Na L .
. India
LR Rl b

2
NA A
N =126 N =20

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
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FTIR Analysis

::'fx,':::: vz Tanzania " s India

N =126 N =20 N =20

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

Suggests fraud involving mis-labelling and addition of spent material
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All Together: In Conclusion @ w2 ioFs=

Turmeric Powder Sample Sources #4%% maw. |GFS==
& Emerging Markets ﬁ 9

Adulteration of turmeric powder is on ths increase 7

DZ=~oazm=m

: XRF has a role in front line pratection of our food ~ but

R correct QC is critical

K

$ Need to also Integrate XRF with other measurements —

s data fusion approaches

abiss
S - - : A J éﬁ - |GFS =
ﬁ Qe IGFSE= Y Thanks to ... ,
SRR Chris Elliott
E==am=—x Paul Williams
=|| il Mt o Multi- ; Mean (max) Pb Holly Montgomery
—— % it B super-food or a instrumental ' le\(,: (;sii):)).89 —/i-GZ e ey bl
— K] | g ibrati -20) mg/kg : .
== RE super-fraud? calibration (5-30 %) Wilfred Abia Rudi Krska
- == a —_— :
W T3 e Yicong Li Britt Maestroni
b, e Stable Cand N | rw .:,1,‘“;."?,',:_:,‘:;
ﬁ ‘.'?:.";?’" IGFS==. Metanil yellow levels: Pb Isotope Ratio e
. 0.007 -0.463in 5.5 %
|S turmeric a of total samples distr:oltlf;fnrmap
super-food or a super-fraud? |

Non-compliant samples -
Suspicious: Not turmeric powder




a
NV

y sE

L"“ e | /i

VTS NETRE S R

FOODSAFER  magSw |

’Jlll d ﬂ

QUEENS
UNIVERSITY romp et
v BEAFAST I



LE

‘EEIF!!IlIEIllE'EI'! 'EE:I"I-'IFI:‘I'DDI-'I 31.—|:m~a Ir-:llu Ia'lllfarua '."rEu:lam
Zeographic source of the studied turmeric powder samples

Country

BE Bargladesh
. Cameroon

B Ghana
B s
‘ Tanzara
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Geographic source of the studied turmeric powder samples
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U-XRF

(A)

Rice
Grains

LA-ICP-QQQ-MS

Williams et al. 2009
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Multi-elemental Measurement

Field Test Laboratory Test

% . , Certified Reference Materials
L. G

O 21 soil CRMs
d 65 food and biological material
(FBM) CRMs
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Enviranment International 212 {2026] 110294

Contents Jists available at SclenceDirect

Environment International

journal homepage: www.elsevier.com/lacate/envint

Full length article

Advancing environmental and food system monitoring with
machine-learning-enhanced X-ray fluorescence analytics

Yicong Li®, Wanqi Jia * @, Wilfred Angie Abia™", Simon A. Haughey ™, Manus Carey ",
Coalain McCreanor '@, Mark Mooney ** &, Maame Croffie @, Karen Daly )

Britt Marianna Maestroni “©, Caroline Meharg ", Andrew A, Meharg ", Christopher T. Elliott ™',
Paul N, Williams * ©
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Sample Diversity (soil matrices) 3 g

Loess soll Calcareous clay

Calcareous brown soil Alluvium
FP-ML Calibrations & Comprehensive Assessment Multiple XRF Platforms & Elemental Diversity
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Level 1 screening focused on elemental

PC1(40.7%) detectability and the performance criteria
o)) - ® >Level 3 (b) ; » fem
_ : e . Level 2 performance evaluation assessed the linear
:‘?-t 2 _ i association between measured and certified
T u A '-'.-,-', ﬂ concentrations using Pearson’s correlation
q - ;i . coefficient (Rpearson) | |
l i
cC AN Rt T UL s W 21 s St g TR P I T T T Level 3 evaluation employed the coefficient of
(d) ) (c) a 6 determination (R?), calculated from measurement
® ‘ i (I residuals D
5 : F
o i ™
o ; N
o o -‘l-:-"*-—: rﬂ-ff Level 4 performance evaluation assessed
E 2 : % ; O analytical accuracy using recovery analysis
PC1 (loading) T ' | ,
PC1 (40.7%) Level 5 represented the strictest performance tier,
focusing on analytical precision and repeatability of the
X QUEEN'S il vholi /= o :
P4 UnIveRsITY |G FS A tood (@ FOODSAFE XRF measurements as assessed by averaged relative

standard deviation (RSD)




Tible 1. Summary of XRF instruments and analytical performance for clemenrtal analysis.

" LODI LOD2 .

Element CRMs XRF Rpeusos Slope R* nRMSE|  Min - Max (mg/kg) (mg/kg)  (mgikg) N
Mg Sonl HH Y2z (.84 h73 (.39 S0 - 284827 407 GO2R + IN
Cl FBM BT & 1 0.62 0.82 492 178 - 57000 1.65 - M
K Soil BT ™ 0.98 0.87 0.94 0.08 5988 - 21865 44.0 2480° 20
I 0.97 1.03 0.82 0.14 5988 - 21865 440 S310¢ 20

Ca Soil BT* 098 1.22 0.39 0.57 2062 - 221000 $2.9 4899« 20
I 0.98 1.17 0.92 0.47 2062 - 221000 529 4497« 20

Ti Soil BT D98 0.83 0.94 0.09 S63 -4914 192 119T¢ 20
Im 0.96 0.88 0.87 0.12 S63 - 4914 192 1417 20

Cr Soil HH " 0.9 0.78 0.71 0.41 19 - 259 10.6 86.1~ 20
Mn Soil RT ™ 0,99 1.02 0,92 1.2 75-1331 174 124 20
I 099 1.05 0.88 0.25 75-1331 174 412°¢ 20

Fe Sail BT'™* 095 1.07 08 0.18 3851 - 40100 17.7 ks 20
I+ 0.99 1.0 0.96 0.1 2620 - 52800 17.7 . 20

Ni Soil BT (L9 1.1 075 37 6.6-101 1137 350~ 20
HH ™ .97 1.0% 0.9l 0.19 7.2-101 3137 et I8

Cu Soil RT# I 1.08 087 0.97 5.1 -263 407 -t 20
HH ' 0.99 094 0.96 0.51 S-263 307 178~ 20

FBM HH "3 .94 0.77 n82 0.76 0.6 - 51 0.57 §37- 5t

n Soil RT I 1.1 (198 046 18- 1054 2.68 208~ 20
HH I 091 0.99 04 18 - 1054 2.68 e 20

FBM I+ 0.97 0.63 0.74 087 2.5-313 042 - 58

As Soil BT (98 1.99 (hL95 (.29 1.3-48 243 — 20
HH ™ 098 0.85 0n9s 0.28 1.5-48 243 468~ 19

FBM ITIs 0.97 0.53 0.73 232 0.1-30 021 2.56¢ L5

Rb Soil BT" | 1.08 087 0.15 23-132 0.78 243" 20
I+ 0.99 0.92 0.98 0.05 23-124 0.78 - 12

Sr Soil RT ™ I 1.16 0n.93 0,27 27 - 597 0.6 296~ 20
HH "™ 0.99 1 0.98 0.16 27 - 597 0.6 3567 20

Ba Sail BT 1 0.92 0.99 0,12 145 - 1488 0.9 -t 20
Ph Soil RT ™ I 1.14 95 .6 6.2 -309 233 284 20
HH # 0.98 1.16 091 0.75 6- 309 233 nesl 19
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Measured / Predicted
Concentration {mg/kg)
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U Partial Least-squares Regression (PLSR) J XRF Measurement
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