Journal Pre-proof

environmental

Turmeric means “yellow” in Bengali: Lead chromate pigments added to turmeric
threaten public health across Bangladesh

Jenna E. Forsyth, Syeda Nurunnahar, Sheikh Shariful Islam, Musa Baker, Dalia

Yeasmin, M. Saiful Islam, Mahbubur Rahman, Scott Fendorf, Nicole M. Ardoin, Peter
J. Winch, Stephen P. Luby

PII: S0013-9351(19)30519-5
DOI: https://doi.org/10.1016/j.envres.2019.108722
Reference: YENRS 108722

To appearin:  Environmental Research

Received Date: 28 May 2019
Revised Date: 10 August 2019
Accepted Date: 3 September 2019

Please cite this article as: Forsyth, J.E., Nurunnahar, S., Islam, S.S., Baker, M., Yeasmin, D., Islam,
M.S., Rahman, M., Fendorf, S., Ardoin, N.M., Winch, P.J., Luby, S.P., Turmeric means “yellow”

in Bengali: Lead chromate pigments added to turmeric threaten public health across Bangladesh,
Environmental Research (2019), doi: https://doi.org/10.1016/j.envres.2019.108722.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2019 Published by Elsevier Inc.


https://doi.org/10.1016/j.envres.2019.108722
https://doi.org/10.1016/j.envres.2019.108722

w

© 00 N O o1 »~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Turmeric means “yellow” in Bengali: lead chromate pgments added to turmeric threaten public

health across Bangladesh

Jenna E. ForsythSyeda NurunnahdrSheikh Shariful Islarh,Musa Bakef. Dalia Yeasmirf,
M. Saiful Islam? Mahbubur RahmahScott Fendorf; °Nicole M. Ardoin’ > ®Peter J. Winch,
Stephen P. Luby

'Emmett Interdisciplinary Program in Environment &ekources, Stanford University,
Stanford, California, U.S.A.

%Infectious Diseases Division, International CerioreDiarrhoeal Disease Research, Bangladesh,
Dhaka, Bangladesh

3Environmental Interventions Unit, International @erfor Diarrhoeal Disease Research,
Bangladesh, Dhaka, Bangladesh

“Earth System Science, Stanford University, StanfGalifornia, U.S.A.

>Stanford Woods Institute for the Environment, StadfUniversity, Stanford, California, U.S.A
®Graduate School of Education, Stanford UniverStgnford, California, U.S.A.

"Department of International Health, Social and Bébral Interventions Program, Johns
Hopkins, Baltimore, MD 21205, U.S.A.

Corresponding author: Jenna E. Forsyth, Emmett Interdisciplinary Progrmafanvironment
and Resources, 473 Via Ortega, Y2E2 Building, S2@@, Stanford, CA 94305. Phone: 435-

232-2955, email: jforsyth@stanford.edu

Running title: Yellow pigments added to turmeric threaten pubéalth across Bangladesh



27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

ABSTRACT

Adulteration is a growing food safety concern wuiilde. Previous studies have implicated
turmeric as a source of lead (Pb) exposure dugetaddition of lead chromate (PbGyCa

yellow pigment used to enhance brightness. We aimedsess the practice of adding yellow
pigments to turmeric and producer- consumer- agdlatory-factors affecting this practice
across the supply chain in Bangladesh. We idedtdigd visited the nine major turmeric-
producing districts of Bangladesh as well as twatrits with minimal turmeric production. In
each district, we conducted semi-structured ingevgiand informal observations with
individuals involved in the production, consumptiand regulation of turmeric. We explored
perceptions of and preferences for turmeric quaiifg collected samples of yellow pigments
and turmeric from the most-frequented wholesaleratall markets. We collected samples of
turmeric, pigments, dust, and soil from turmeri¢igfong mills to assess evidence of
adulteration. Interviews were analyzed throughratuctive, thematic coding process, with
attention focused on perceptions of and preferefwrdsrmeric quality. Samples were analyzed
for Pb and chromium (Cr) concentrations via indeadii coupled plasma mass spectrometry and
x-ray fluorescence. In total, we interviewed 15@iwduals from across the supply chain (Table
1) and collected 524 samples of turmeric, pigmeshist, and soil (Table S3, Table S4).
Turmeric Pb and Cr concentrations were highestialka and Munshiganj districts, with
maximum turmeric powder Pb concentrations of 1,1&/3, compared to 690g/g in the 9

major turmeric-producing districts. We found eviderof PbCr@-based yellow pigment
adulteration in 7 of the 9 major turmeric-producdigtricts. Soil samples from polishing mills
contained a maximum of 4,254/g Pb and yellow pigments contained 2-10% Pb highte

with an average Pb:Cr molar ratio of 1.3. Turmerimlesalers reported that the practice of
adding yellow pigments to dried turmeric root dgrpolishing began more than 30 years ago
and continues today, primarily driven by consumefgrences for colorful yellow curries.
Farmers stated that merchants are able to selivagepoor-quality roots and increase their
profits by asking polishers to adulterate with gellpigments. Adulterating turmeric with lead
chromate poses significant risks to human healthdavelopmentThe results from this study
indicate that PbCrgs being added to turmeric by polishers, who amnare of its neurotoxic
effects, in order to satisfy wholesalers who areesir by consumer demand for yellow roots. We

recommend immediate intervention that engages ticrpeoducers and consumers to address
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this public health crisis and ensure a future \Wikhfree turmeric.

Key words: lead exposure, turmeric, lead chromate, Bangladest,safety



62
63

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

86
87

DECLARATIONS
Ethics approval and consent to participate
We obtained written informed consent from all stpdyticipants. The study protocol was
reviewed and approved by the ethical review conemittt icddr,b and Stanford University
(protocol number 37745).
Consent for publication
Consent for publication was obtained for datagmesd in this manuscript.
Availability of data and material
The datasets used during the current study aréahbleifrom the corresponding author on
reasonable request.
Competing interests
The authors declare they have no competing interest
Funding
Stanford’s Emmett Interdisciplinary Program in Boviment and Resources, Stanford Center on
Global Poverty and Development, and Stanford’s €fior South Asia provided financial
support for this study. The opinions expressedihemne those of the authors and do not
necessarily reflect the views of the study sponsors
Authors’ contributions
JEF led the development and design of the reseantthwriting under the advising of SPL. SN,
SI, MB, DY,MSI, and MR executed field work. SF oversaw labmmatmethods and analys&8VA and
PJW oversaw the design and development of thetgtiedi components. All authors read and approved

the final manuscript.



88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

1. INTRODUCTION

Food safety risks are a growing public health cameeorldwide, especially in low- and
middle-income countries (1). Food adulterationns alass of risk, where, unbeknownst to the
consumer, substances are added to artificially @mgthe quality or quantity of a product in
order to lower production costs or increase saleep (2). These additives can be non-toxic,
such as in the dilution of milk with water, or extrely toxic, such as in the addition of
carcinogenic melamine to milk (3). In 2008, melaeatainted milk from China killed six infants
and hospitalized 54,000 (4). Globalization and teaging supply chains have made food
adulteration a global concern (5, 6). Most of theld/s food production occurs in low- and
middle-income countries with limited regulatory erdement (7). As a result, adulterated foods
are often detected only after they have been diged widely to higher income countries with
stringent food safety monitoring (8).

Spices are among the top five most commonly acubkdrfood types because they are
expensive commodities that are processed pricaleo(9, 10). Among a database of more than
1,000 records of food adulteration worldwide betw&880 and 2010, 11% of scholarly articles
and 19% of media reports related to spices, maatyifieg toxic color additives agents like
Sudan dyes (2).

Turmeric is an essential culinary spice consumeg daSouth Asia, also known as ‘the
golden spice’ or ‘Indian saffron’ due to its briit yellow color (11). A relative of the ginger
root, turmeric is grown predominantly in India,vasll as Bangladesh, Myanmar, China, and
Nigeria. For millennia, turmeric has been consumedicinally as an anti-inflammatory agent
and to promote general health in South Asia (1i)il&ly, across other countries within the
past five years, turmeric has been studied anducoed for its healing properties, targeting
everything from gastric disorders to cancers (MBjor manufacturers worldwide have also
started using turmeric as a natural coloring agefdods ranging from macaroni and cheese to
yogurt and ice cream in response to consumer peessueduce the use of artificial coloring
agents (13).

Despite its widespread consumption and uses, ticrhas not been extensively examined
for adulteration but it has been identified as arse of lead (Pb) exposure in South Asia (14,
15). Lead is a threat to public health, as evenlemgls of Pb exposure can lower 1Q and disrupt

normal cognitive development, especially amongdehil (16, 17). Thirteen brands of turmeric
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exported by Bangladesh and India have been recateldiwide since 2011 due to excessive Pb
concentrations (13). A study in rural Munshigargtdct of Bangladesh found that 78% of 309
children aged 20-40 months had elevated bloodIma#s and that turmeric was the likely
exposure route (14). They reported average Pb atnations of 8Qug/g in turmeric, more than
30 times higher than the national threshold farvadlble Pb in turmeric in Bangladesh (18).
Recent population- and isotope-based studies sutigegslevated Pb in turmeric is the
dominant contributor to elevated blood lead lewelsiral Mymensingh, Kishoreganj, and
Tangail districts (19, 20). These researchers ifiledithat a lead chromate (PbCjchased
yellow pigment was being added to turmeric duringcpssing, possibly to enhance the color of
dried turmeric root (14, 20, 21).

To build on these prior findings, the objectiveaf study were to assess the practice of
adding yellow pigment to dried turmeric root andeiter understand the factors affecting
turmeric adulteration across the supply chain indgadesh. By identifying why and how people

adulterate, we can recommend interventions to ethis risk.

2. MATERIALS AND METHODS

2.1 Study site selection

In January 2017, we met with governmental officfadsn Bangladesh’s Department of
Agricultural Authority to understand patterns immeric production and distribution throughout
the country. Based on this meeting, as well aginéb interviews with wholesalers at the largest
turmeric market in Dhaka, the capital city of Baaugsh, we identified major turmeric-
producing districts. In those districts, farmers @nocessors grow, dry, polish, and grind
turmeric before distributing it as dry root or gnapowder. According to records supplied by
the Bangladesh Department of Agriculture in 20L6éyeric was produced in 63 of the 64
districts with a total production area of 42,754thees. We selected the top eight turmeric-
producing districts, which produce nearly 50% @& ttation’s turmeric, for our study. In
addition, although its production volume is low, imeluded Khulna District in our study sample
as turmeric from this region is well-known and nuous processors as well as consumers
described Khulna turmeric as the highest qualitBamgladesh (Table S1). These nine major
turmeric-producing districts in our sample are ®usd geographically into four major regions
relative to Dhaka: i) Southwest: Khulna; ii) Northst: Pabna, Natore, and Rajshabhi; iii) North:
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Mymensingh and Tangail; and iv) Southeast: KhagitecBandarbon, and Rangamati (Figure
1).

Our study sample also included two districts tmatreot major turmeric producers: i) Dhaka,
the nationwide hub of turmeric distribution, andviunshiganj, a nearby rural district where a
prior population-based study suggested that tugmemtributes to human Pb exposure (14). In
these districts, turmeric is not grown in signifitguantities, nor is it dried, or polished but,
rather, turmeric is distributed either as dry rooground powder for sale (Figure 1).

2.2 Data collection

In each district, we used a snowball sampling ap@ndo select at least 2 or 3 individuals
involved with turmeric production, processing, diition, sale, and consumption (22-24). We
conducted semi-structured interviews and infornielesvations with these individuals who were
laborers, farmers, manual and machine polisheirsdens, wholesalers, retailers, corporate
representatives, and consumers. We interviewedhaets selling turmeric, as well as others
selling yellow pigments, for both retail and whaks We interviewed two types of consumers:
those purchasing turmeric for household purposdsratividuals from restaurants and hotels
purchasing larger volumes of turmeric. At factoid@s company offices, we visited corporate
representatives who were involved with turmericghasing or with quality assurance and
control. We obtained written informed consent fralirstudy participants. The protocol was
reviewed and approved by the ethical review conemidt icddr,b and Stanford University.

The interviews explored factors associated witHtadation of turmeric with yellow
pigments, with questions probing perceptions of predlerences for turmeric quality. We
explored the quality attributes of turmeric by d#spng nine dried turmeric root samples
representing a range in quality and color fromdraits and asking respondents to rank them by
quality (Figure S1). We further explored respondepérceptions of color by presenting an
adapted version of the World Color Survey chadmsid (25) (Figure S2).

To understand the role of regulation, we condustadi-structured interviews with food
safety inspectors and law enforcement officers Ivea with the monitoring and enforcement of
food safety priorities. We used an interview proldbat focused on daily operations, food
safety priorities, and inspectors’ knowledge ofaric adulteration.

Across all study districts, we collected samplepighments and each type of turmeric

available at major wholesale and retail marketsmiuic types included loose powdered



181 turmeric and packaged (branded) powdered turmasigyell as polished and unpolished dried
182 turmeric root. Within a given market, we inquired¢hweach merchant about the production and
183 distribution history of the turmeric for sale toseine that we maximized sample variety and did
184 not collect duplicate samples. As multiple merchaaid the same brand of turmeric, we only
185 collected additional samples if the lot numbersifgd on the packaged turmeric differed.

186 In each turmeric-producing district, we collectednples from the largest polishing mills, as
187 well as smaller mills, when possible. We collectathples of turmeric powder, unpolished and
188 polished dried turmeric root, and pigments. We ammpled dust inside and below polishing
189 machines to assess how recently Ph&y@sed pigments had been added, as well as thtee so
190 samples from a 5-to-50-meter radius around thesrtolidetermine how far the Pb contamination
191 may have spread into the surrounding environment.

192 2.3Data Analysis

193 Interviews were conducted in Bengali by trainedligaidve researchers with backgrounds in
194  anthropology and sociology. The same researchamsdribed the audio-recorded interviews in
195 Bengali then translated them into English. We catiednterview data using priori

196 (deductive) and emergent (inductive) coding proegsgliided by our interest in overall turmeric
197 quality as well as pressures to adulterate.

198 We analyzed samples for Pb and chromium (Cr) cdratgons at Stanford's Environmental
199 Measurements Facility (em1l.stanford.edu) usingdtidely coupled plasma mass spectrometry
200 (Thermo Scientific XSERIES 2 ICP-MS) for turmerangples and x-ray fluorescence (Spectro
201 XEPOS HE XRF, XLab Pro 5.1 software) for the miniijmaoluble pigment, dust, and soil

202 samples. Turmeric samples were dissolved in coratet HNQ and digested via microwave
203 digestion (MarsXpress, CEM corporation) prior tangeaspirated in 2% HNgfor ICP-MS

204 analysis. Blanks were analyzed every 20 samplesiamdaternal standard solution was measured
205 every 40 samples to correct for instrumental dAfsub-set of 20% of samples were analyzed in
206 duplicate. These repeat measurements indicatedPthebncentrations were reproducible to

207  within 6%.

208 We determined that a polishing mill exhibited plogsievidence of adulteration with yellow
209 pigments if any of the following were true basedmformal observations and sampling: i)

210 vyellow pigments or yellow pigment waste bags werenfl on-site, ii) polishing dust (from

211  within or below the polishing machine) and soil gd&s from around the mills contained Pb and
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Cr concentrations greater than environmental eoiij) polished turmeric roots were found with

Pb and Cr concentrations greater than unpolishets.ro

3. RESULTS

The following results are based on interviews Wi#2 individuals from across the
supply chain and 524 samples of turmeric, pigmehist, and soil (Table 1, Table S3, Table
S4).
3.1 Overview of turmeric supply chain: Dhaka isa hub of turmeric distribution

In Bangladesh, harvesting season is December thrivlagch, although this varies
slightly by region. After harvesting, farmers bain-dry, and sort roots by size and type
(fingers or bulbs; Figure S3). At mills located néms, processors polish roots by machine or
manually and add yellow pigment as needed. Thegserpf polishing is to rub away dirt and the
root’s outer skin to expose the yellow inner parthe root. To accomplish this, machine
polishing is more effective and efficient than malnpolishing, which is a process by which
people use their legs and feet to agitate and ¢hlearoots in clay pots calleghari. Once roots
are polished, other processors grind them intovedpo at mills located in bazaars or at company
facilities where turmeric is packaged and distéouthroughout Bangladesh or possibly
exported. Turmeric is primarily sold as a loose gemscooped out of 40 kg burlap sacks,
though wealthier consumers prefer the more expenmekaged powder. (Figure S3, Figure S4)

Dhaka’s major wholesale bazaar is the hub of tuicrdgstribution for Bangladesh.
Middlemen transport polished turmeric roots frora tifferent turmeric-producing districts to
Dhaka where wholesalers store, sell, and re-diggilvithin Dhaka city as well as throughout
the country to other wholesalers, especially thogbstricts with less turmeric production, and
to companies that export internationally. The Badgkhi companies we interviewed primarily
export turmeric to the United Arab Emirates anceothiddle eastern countries, and also to the
UK, the U.S., and Canada. (Figure S4) Althoughdndmains the primary turmeric exporter
worldwide, company representatives expressed aresttin increasing the export of
Bangladeshi turmeric. Reliable estimates of turmienport and export volumes were not
reported.

3.2 Lead concentrations provide evidence of PbCrO4-based yellow pigment adulteration
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In total, we collected 140 turmeric samples from $hmajor turmeric-producing districts,
and an additional 200 turmeric samples from thdarmally-producing districts, Dhaka and
Munshiganj (Figure 2, Table S4). On average, Ple@aimations were lower in the major
turmeric-producing districts, with 11% of samples@ining Pb in excess of the Bangladesh
Standards and Testing Institution’s limit of 24&/g Pb in turmeric (18), compared to 26% in
Dhaka and Munshiganj. Polished bulbs in all diséraontained the highest Pb concentrations,
followed by polished finger roots. The maximum BIncentration of loose powder in major
turmeric-producing districts was 69@/g compared to 1,15/g Pb in Dhaka and Munshigan,;.
Two samples of packaged powdered turmeric excetbaedational limit for Pb, containing 8.4
and 26.6ug/g Pb. None of the 11 turmeric samples from Idiatained elevated Pb (average of
0.2 and a maximum of Oyty/g Pb).

Among 43 total polishers, 12 out of 15 polishemfrthe Northwest region exhibited at
least one type of physical evidence of yellow pigtredulteration, followed by 7 out of 10 in the
North, 4 out of 15 in the Southeast, and 0 out iof the Southwest (Figure S5). By district, we
found evidence of yellow pigment adulteration iaut of the 9 turmeric-producing districts. We
collected 7 samples of yellow pigment, 10 yellogrpent waste bags, 39 samples of polishing
dust, 35 samples of floor dust from the polishind,rand 59 samples of soil (Table S3). Further,
we collected 28 soil samples along a transecttof3D meters in three directions from the mill
of one polisher in the Northwest region known talgetate with yellow pigment (Figure S6).

We collected samples of yellow pigment and yellogngent waste bags from polishing
mills in every region except the Southwest, witl thajority from the Northwest. The hue of the
pigments ranged from bright yellow to yellow-orangiee median Pb concentration was 20,024
ug/g with a maximum of 115,50@y/g (Figure 3, Table S3). Five of the 7 sampleseveer
PbCrG-based compound containing 2-10% Pb by weight, edseone contained only Qu8/g
Pb. An additional 6 samples of yellow pigment wewected from color merchants in Dhaka
and Mymensingh with a median Pb concentration ¢i24ug/g. Three of the six yellow
pigment samples from color merchants contained é&tvb-8% Pb by weight and one contained
6.0ug/g Pb. In total, the average Pb:Cr ratio of théoyepigments with elevated Pb from both
polishers and color merchants was 1.26, suggeatiPigCrQ-based compound with additional
Pb-containing compounds. The five yellow pigmemhgkes that contained minimal Pb did not

contain elevated concentrations of other heavy Isistech as Cr, zinc, or cadmium.

1C



273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302

We collected polishing machine dust, floor dust aail from every region. The median
Pb concentration of polishing machine dust was g§/g¢ and 20.ug/g for floor dust, with
maxima of 21,166 and 66,06@/g Pb, respectively (Figure 3, Table S3pil samples contained
a median of 34.4g/g Pb with a maximum of 4,25§y/g Pb at a distance of 3 meters from the
polishing mill, though one sample taken at a distaof 50 meters from a mill contained 861.6
ug/g Pb (Figure S6, Table S3). Nearly one-thirdlb$ail samples (32%) contained greater than
the residential soil Pb limit of 80g/g in California (26). Samples with higher soil Pb
concentrations had molar Pb:Cr ratios between 4 2similar to the yellow pigment samples
(Figure S7).

3.3 Turmeric adulteration with yellow pigment prompted by flooding and imported turmeric

Based on semi-structured interviews with produgenscessors, distributors, and
consumers, we determined that turmeric polishedsyatlow pigment to increase profits
primarily by augmenting the roots’ yellow appeamnehich, first, facilitates the sale of poor-
quality roots and, second, reduces polishing tineethe quantity of root lost during polishing
(Figure S8).

Dried turmeric roots adulterated with yellow pigrhare mostly sold in Dhaka’s major
wholesale market, where polishers and wholesaitisated that the practice of adding color
began between 1970 and 1990. Several polisherfaemérs in the Northwest described the
catalyst as the big flood of 1988, which damagedttinmeric crop, resulting in improperly dried
roots and an unacceptable inner-root color dueetiocanditions. Because the quality of
Bangladeshi turmeric was compromised, demand iseckfor imported Indian turmeric, which
had a bright yellow exterior color. To sell locamladeshi roots, which then had to compete
with the brighter Indian turmeric, Dhaka wholesalbegan to mix yellow pigment with the roots
in chari (clay pots). After this, Dhaka wholesalers gaweyhllow pigment to polishers in
turmeric-producing districts so that the polisherald themselves add color to turmeric (Table
S2).

The rise in imports of Indian turmeric in the 19@@#ncided with Bangladeshi
companies selling and distributing packaged powdlarameric within Bangladesh. Both factors
apparently influenced the adoption of polishing maes which could produce better polished

roots than manual polishing. (Table S2).

11
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Based on interviews with Dhaka color merchants|eaened that they import industrial
pigments from India and China and sell those pigmemthe garment, plastics, furniture, and
painting industries. Originally, the yellow pigmergdded to turmeric roots were intended for
coloring plastic toys or bags or staining furnituseme are reportedly also used dutii, a
Hindu festival. Color merchants, as well as turimérmers, polishers, and wholesalers, used
several names for the yellow pigments. Most commtmy used the terngeuri, (no meaning)
andsharshefu(*mustard flower”), but also sometiméslud (“yellow” or “turmeric”) or pipri or
kathali (“jackfruit”) color. One polisher who did not knotlie name called it theukhaddo
(“inedible”) andotironjito (“exaggerated”) color. Color merchants reporteat tione of their
dyes or pigments were intended for use in foodagesent that was printed on their business
cards because they had heard that ddmeap lok(“awful people”) add the pigments to food.
Aside from turmeric, color merchants reported fiigtnents were also added to rice cakes,
known aspitha. We identified the group of merchants selling foadete color additives at the

color bazaar but were unable to identify any fooadg yellow color powders available for sale.

3.4 Present-day production, consumption, and regulatory factorsincentivize turmeric
adulteration
3.4.1 Production

Production factors that influence the addition @bc include growing conditions, soil

type, and turmeric type (cultivar), as well as @sging factors, particularly those related to
drying, storage, and polishing conditions (Tablel@erviewees consistently mentioned that the
‘soil and seed’ both impact the turmeric color,aahtent, size, shape, taste, smell, and other
quality characteristics. Polishers and wholesalefiesred to color using evocative and
descriptive language. For example, intervieweesrie=d the inside root color of the high-
quality cultivar grown in Khulna as “egg yolk” og6ld.” Because it is considered the highest-
quality among Bangladeshi turmeric, polishers ahdlesalers reported that Khulna’s turmeric
does not require added coloring. A polisher frorather district attributed the naturally bright,
deep color to the soil quality along with the ctrat farmers in Khulna take in sowing the seeds.
One company representative referred to color byé#reent content of curcumin, the color-
producing compound naturally found in turmerictisgthat turmeric from the North region

(Mymensingh and Tangail), had the least curcumir¥)-

12



334 Polishers mentioned that turmeric roots with higbisture content must be fully dried or
335 they will not become yellow during polishing andiWiequire” color additives to sell. Turmeric
336 roots are sun-dried for 10-50 days. One polistmnfthe Southeast region mentioned that color
337 was not needed in 2017 because there was enoulgh$tio adequately dry the roots. Optimal
338 drying, primarily associated with the weather,Isaaffected by farmer-specific practices such
339 asturning and drying roots on dirt-free surfaces.

340 Through interviews, we discovered that polishimygtimpacts profitability and varies
341 based on moisture content of the root as well astlven the root is polished manually or by
342 machine. For every 10 to 20 minutes of machinespaig, 10% of the turmeric (by weight) is
343 lost; therefore, shorter polishing time allows &ogreater mass of root to be retained and sold.
344  Turmeric roots with lower moisture content requéss time to polish. Adding color shortens
345 polishing time and results in a desirable yellowocoespecially for roots with high moisture
346 content. Even for well-dried roots, polishing loaigough to produce a desirable color is time-
347 consuming, especially when polished manually: sevarndred kilograms of roots can be

348 polished in an hour by machine, a task that woake & full week for a manual polisher. To
349 reduce effort, 23 out of 43 of the machine-polisheard all 3 of the manual-polishers we

350 observed use color additives. Overall, wholesaeatspolishers in all districts reported that
351 acquiring polishing machines reduced the use afrcelkpecially the amount of color added.
352 3.4.2 Consumption

353 Consumer preferences greatly impact the additiarolafr, with Dhaka customers

354 demonstrating the highest demand for artificiatyoced turmeric roots. Polishers in the North
355 and Northwest stated that colored turmeric roctsnat for sale in turmeric-producing areas and
356 that polishers do not decide whether to add coather, polishers respond to the demands of
357 their customers. Several polishers stated that ®hdlolesalers or middlemen insist on adding
358 color and frequently supply polishers with yelloigmpent. Some polishers referred to these
359 turmeric businessmen who request color during pwlgsasosoth lok(“dishonest people”),

360 more concerned about their profits than the welhdpef others. Many polishers classified the
361 yellow pigments as unnatural chemical additives$ wauld likely be harmful to health if

362 consumed in large enough quantities. However, wbtige polishers were aware that the yellow

363 pigments contained Pb, a potent neurotoxin.

13
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During interviews, consumers described how theyld/gudge the quality of their
turmeric at the time of purchase, cooking, or b@bnsumer preferences depend on the type of
turmeric being purchased and concern about quatlityputes like color, purity, and price.
Turmeric may be purchased as a whole root, eithéngers or bulbs, or it may be ground into a
powder and sold loose or packaged and brandedheAtrne of purchase, consumers are only
able to accurately assess the quality of turmetst Specifically, roots in the finger form
provide consumers with the most information abbatdquality. Consumers can visually inspect
outside color, size, shape, and smell of the filgdore breaking it in half to further assess oil
content and color on the inside of the finger. Bulliowever, cannot be broken, so consumers
look primarily for external color. As a result, @iilers and wholesalers mentioned that bulbs are
more often polished with yellow pigment than finggeg€Companies and consumers in turmeric-
producing regions who were knowledgeable and corckabout turmeric root quality stated
they would never knowingly purchase yellow-coloredts. This was not because of a specific
concern about Pb but rather because of a gendiel theat any artificial chemical additive could
harm health. One company representative notechthabuld rub the root on his finger to
determine whether artificial color was added. Omdther hand, most restaurant owners and
some retailers stated that they preferred to pgectize yellow-colored roots.

At the time of cooking, all consumers assess qublsed on the ultimate test: the yellow
color that “blooms” in the curry. Vibrant yellow gies and sauces made with turmeric were
described as integral to Bangladeshi cuisine. 8gratull-colored foods would not only reflect
poorly on the cook’s abilities, but would also ggasst cultural norms. Given this focus on
color, consumers purchasing turmeric powder werstimancerned about a type of adulteration
where grinders would mix turmeric and rice powddrs adulteration forced consumers to
increase the quantity of turmeric added to cumeschieve the appropriate yellow hue.

Household consumers from all regions repeatedIytiored the importance of
purchasing turmeric and other goods from a repatabiirce since they stated how “all food” is
likely to be adulterated in Bangladesh. Householatsamers without a lot of disposable income
commonly purchased loose powdered turmeric. Thesswners described the importance of
finding a trustworthy seller so as to avoid weak'gwolor from adulterated turmeric powder.
Those with enough money preferred packaged, bratuegkric power because of the consistent

quality and reputation for purity, especially in@Xa and Munshiganj.
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3.4.3 Requlation
Interviews with corporate representatives suggesiaidinternational food safety

regulations and recalls of exported turmeric inc&red companies to ensure that polishers do
not add yellow pigment to their turmeric root. Onaejor Bangladeshi company with nearly one-
third of the market share learned about Pb in tluemeric in 2012 from North American food
regulators who issued a recall of all turmeric imi@d from Bangladesh. This incident prompted
news reporting throughout Bangladesh as well asmurent checks for Pb in powdered and
whole turmeric root. The corporate representatported that the company suffered financial
losses from the recalled turmeric, which promptesht to invest in an inductively coupled
plasma optical emission spectrometer to test foaribavoid future losses. The company
representative visited the Southeast region, wisithe source of the company’s turmeric. The
representative then sampled intensively, findirghhevels of Pb in their bulb turmeric roots.
Representatives from other companies referredisdrtbident, stating zero tolerance for
adulterated products. Polishers and wholesalens &#mund Bangladesh noted that, if they were
selling directly to a company, color would not lazled.

National regulations have not prioritized polishingls and wholesalers who produce or
sell yellow-colored turmeric nor color merchantsosgell Pb- and Cr-containing yellow
pigments. Nationally enforced restrictions agathstuse or import of the yellow pigments were
not reported by interviewees. According to inspestpolishers, and wholesalers in all districts,
turmeric-related inspection focused on grindingsid see whether rice flour was mixed in, an
offense that could be penalized by fines up to @0 taka ($7,000) and 3 years in jail. None of
the interviewees, however, had actually enforcesldhwitnessed such punishment.

Inspectors reported that they had inadequate huimamngcial, and technical resources to
implement and enforce regulations. Several stdtatthe number of inspectors is too few, with
only one inspector tasked to monitor all of thedzas, shops, restaurants, and grinding mills in
theupazilla(sub-district). Other inspectors mentioned thatehg no budget for collecting
samples. Instead, inspectors paid for samplesfabeo own salary, which disincentivized
sample collection and testing. Moreover, with tkeeption of milk, which could be tested on-
site using a lactometer, samples of other foodsbde sent to Dhaka for testing, requiring two
to three months for results.

4. DISCUSSION
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This study highlights the public health threat frammeric adulterated with industrial yellow
pigments that contain Pb and Cr. We report Pb $eivelurmeric that exceed the Bangladesh
national limit by up to 500 times and are 2 to ib@es higher than the maximum concentrations
reported in other studies (13, 14, 19, 21). Turmsrconsumed daily in the Bangladesh context.
Prior research has linked Pb in turmeric to Pbregpant women’s blood in rural Bangladesh
(20). Therefore, Pb from adulterated turmeric calitdctly alter health and development,
particularly among children. Moreover, PbGstased pigments added to turmeric are a source
of hexavalent Cr which is highly carcinogenic andld have additional adverse effects (27).

Our study identifies turmeric adulteration as adprainantly national problem. Similar to
other low- and middle-income countries, the turmegctor in Bangladesh is dominated by
small, minimally-regulated informal actors with gra few large companies incentivized to
comply with international regulation (1). In thesmtexts, importing-country food safety
standards influence large-scale food processotglduoot alter the practices of processors
servicing the informal and domestic sectors (28, @@rr results support this pattern in
Bangladesh, where importing-country food safetyckkénave incentivized polishers to
minimize the adulteration of export-bound turmekHowever, the current system of periodic
food safety checks may catch only a fraction ofatielterated turmeric being traded worldwide.
We recommend that ports of import regularly screeemeric for Pb and Cr using portable
handheld x-ray fluorescence (XRF) analyzers. XRfrng is advantageous because it is
nondestructive and provides a rapid measuremanudiple elements simultaneously.

We identify that the industrial yellow pigments addo turmeric are PbCrthased,
containing 2-10% Pb by weight. Such compoundsharddast expensive and most effective
yellow pigments, still traded and widely used adustrial pigments in most low-, middle-, and
high-income countries (27). Within the last 5 yearsnajor pigment-producing company in
Europe has developed alternative pigments, andaregommitted to phasing out the
production of PbCr@based chrome yellow (30). Even though Pb&b@sed pigments continue
to be used industrially, laws in high-income coigstthave prohibited their use as food color
additives since the early 1900s (31). Nontoxic fgoade color additives have replaced the toxic
coloring agents around the world. However, we ditifimd any yellow food-grade powders

available at the largest bazaar for pigments amd @ty Dhaka on the day we visited.
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456 Taken together, these data suggest a market fallaresumers are not able to accurately
457 assess the quality of their turmeric at the pofapuorchase. Consumers who cannot afford to
458 purchase packaged turmeric powder are likely tatbeghest risk of Pb exposure. We found
459 higher concentrations of Pb in turmeric in mininggdroducing districts, which may be a result
460 of greater demand for brighter-yellow roots digitdd by Dhaka wholesalers and less awareness
461 throughout the supply chain about inherent turmeuiality. Moreover, adding yellow pigments
462 to turmeric enhances the color of curries and aligith consumers’ goals of making yellow-
463 colored curry, perpetuating the cycle of adulteratBy contrast, other types of adulteration,
464  such as mixing rice flour with turmeric powder, Iduthe color of curry and discourages

465 consumers from purchasing that turmeric again.

466 Food safety laws are designed to address such tfailkees and ensure public health when
467 producer incentives do not, and when risks are owknto consumers (29). Although 15 laws
468 have been enacted to ensure food safety in Bargilatiee government has been unable to
469 consistently enforce those and other regulatioBs3@. Even if national regulatory standards
470 could be easily enforced, this study demonstréiassthere is no specific mandate against the
471 addition of yellow pigments to turmeric. Food sgfieispectors in turmeric-producing districts
472  were focused on the undesirable, yet harmlesstaadtibn of powdered turmeric with rice flour
473 and appear to be unaware that polishers add t@Gc@-based industrial pigments to roots.
474 Given the difficulty in implementing and enforcingtional-level regulatory standards,

475 influencing consumer behavior may be another wagdoce the consumption, initially, and the
476 production, eventually, of contaminated turmerion€istent with other studies, we provide

477 evidence that Bangladeshi consumers consider fdolteaation a constant threat (37, 38). Over
478 the past decade, more than half of all food santpkgsthe Institute of Public Health tested were
479 found to be adulterated in some way (32, 38). Meditets frequently cover food fraud in

480 Bangladesh, with issues ranging from brick dusthiti powder (39) to rice made from plastic
481 (40). Starting in 2007, media channels reportetftranalin, a derivative of formaldehyde, was
482 being added to fish as a preservative (32). Asalt,formalin fear spread widely and

483 Bangladeshi consumers started purchasing live disspite little scientific evidence of harm
484  from formalin, which is a naturally occurring comywl in foods. Nonetheless, the formalin
485 incident became so well-known throughout Bangladeahseveral respondents in this study

486 used the terfformalin synonymously witHood adulteratiorandchemical additives
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In Bangladesh, publicizing our findings that turines adulterated with neurotoxic yellow
pigments could result in consumer-behavior shifég tnight, in turn, reduce incentives for
polishing with color. As shown in this study, awagss about yellow-pigment-adulterated
turmeric is low among consumers and food safetyaotors alike. Not only is the adulteration
invisible, but adverse effects of Pb, such as dsa@ IQ, do not manifest themselves
immediately.

One option for increasing visibility around turneeadulteration could be to equip food
safety inspectors and NGO stakeholders with tedymes to measure and then publicize and
interpret Pb- and Cr- concentrations in turmer&ve3al options exist to measure Pb in turmeric,
such as inexpensive color-changing test stripodaple handheld XRF analyzers (41, 42).
During our laboratory experimentation with the t&tsips, however, they were unable to
distinguish Pb-containing and Pb-free turmeric. iiddally, portable XRF analyzers cost
>20,000 USD, making their use in the field expeastvimplement. Nonetheless, if credible
information could be disseminated along the supplg-demand chain that turmeric contained
PbCrQ-based yellow pigments, wholesalers might rejetst & colored turmeric root and price-
sensitive household consumers who cannot affopditchase packaged, powdered turmeric
might shift to purchasing dried, unpolished turraedots. Household consumers in turmeric-
producing districts have already reported such aeh&in order to avoid the adulteration of
loose powdered turmeric with rice flour.

Although increasing consumer awareness may empogeiduals to minimize personal
health threats and possibly incentivize producersake safer goods available, engaging with
producers directly is another path toward sustaaheshge so long as solutions align with
business incentives (1). By increasing technicphcday, for example, producers can generate
higher quality goods at a reduced cost or with tgreafficiency. We understand from this study
that being able to properly dry turmeric is a mdgmtor influencing if and how much yellow
pigment is added. The current practice of sun-drymmeric root depends on climate
conditions. Notably, flooding in 1988 catalyzed fivactice of adding color to turmeric. The link
between proper drying and color is a well-knownrgireenon in agricultural studies (43, 44).

Given that Bangladesh is considered one of thetdesmmost prone to the adverse effects of
climate change, particularly sea-level rise anddlag (45), the frequency and intensity of

adding yellow pigment to turmeric may increase et wonditions become more common in
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Bangladesh. In order to more efficiently and effesy dry turmeric root, some Indian
processors have begun using solar or mechanicalgdnyachines rather than spreading roots in
a drying yard. Numerous drying technologies of wagycomplexities and costs have been
evaluated for their effect on turmeric quality, esiplly color characteristics and curcumin
content (46-49). Similar to the reported reductiogellow pigment adulteration after acquiring
polishing machines in the mid-1990s, it is likdhat the adoption of drying machines would
further reduce the need for yellow color additiresurmeric. Of course, a barrier to such change
may be the capital required for such an investnigtite benefits do not outweigh the costs.

5. CONCLUSIONS
Lead is a potent neurotoxin that irreversibly daesatipe brain and permanently lowers 1Q (50).
Given this significant burden of lead exposuregimentions to reduce or prevent lead exposures
are well worth the effort. Prior studies have iraded that turmeric is linked with lead exposure
and contributes to elevated blood lead levels iallBangladesh (14, 19, 20). We provide
evidence of the structure of incentives that ham@tuated turmeric adulteration with industrial
PbCrQ-based yellow pigments, resulting in elevated Pigk @r- levels in a spice that is
consumed daily throughout Bangladesh and South Asiaresults can be used to make
progress on the path to Pb-free turmeric, a pathwil likely require a combination of efforts to
engage consumers, producers, and other stakeh&ddessed on food safety and public health.
Since there has been extensive research into #githlzend developmental effects of Pb exposure
for decades, we encourage future research to fmtaeveloping, implementing, and evaluating
interdisciplinary approaches to reducing exposatiar than simply generating more evidence
highlighting the damage Pb is causing.
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Table 1. Interviews conducted and samples collected achaessupply chain in Bangladesh. Individuals
often carried out multiple activitieg.@.,individuals who polished turmeric also raised turic)e

Table 2. Production-, consumption- and regulation-focusetbis affecting the adulteration of turmeric
with yellow pigment in Bangladesh.
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FIGURES (also in separate files)

Figure 1. Turmeric production (ha) among the nine major tuicaproducing districts in Bangladesh
included in this study.
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Figure 2. Pb concentrations (log-scale) of turmeric sampletivben 2016-2018 from nine major
turmeric-producing districts, and the minimally-guzing districts Dhaka and Munshiganj. The
dashed line indicates the 2:8/g Pb threshold for turmeric in Bangladesh (18).
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Figure 3. Pb concentrations (log-scale) in samples obtairad polishing mills in nine major turmeric-
producing districts of Bangladesh.
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TABLES
Table 1. Interviews conducted and samples collected achessupply chain in Bangladesh. Individuals
often carried out multiple activitieg.g., individuals who polished turmeric also raised turicje

Role Interviews Samples Sample types

Farmers/polishers 55 263 turmeric, yellow pigmgatiow
pigment waste bags, polishing dust,
floor dust, soil

Companies selling packaged 4 27 turmeric
turmeric

Color merchants 4 7 yellow pigment
Grinders/wholesalers/retailers 34 227 turmeric
Household consumers 34

Restaurant consumers 13

Food safety inspectors/law 8

enforcement officers




Table 2. Production-, consumption- and regulation-focusetbis affecting the adulteration of turmeric
with yellow pigment in Bangladesh.

Theme Sub-theme Examples
Farming
Soil quality “This is because of soil and seedlyHirea’s (Southeast region’s) soil is red therefor

the turmeric which grows in that soil has nice ino&or. Some soil is very black
therefore turmeric grown in that soil doesn’t camtaice color.” (R-1, MY)
Mymensingh wholesaler
Regional cultivar quality “Khulna and Natore’s twric naturally have good inner color that doeseécdh any

[added] color. Turmeric that does not have goodityuand color needshar sheful
color (yellow pigment) to look good and sell atreeaper price. As you can see, the
bulbs here contain yellow color additives, thatisythey’re looking nice. Without
color, you would never like this turmeric. That'iywpeople add color.” (R-2, K)
Dhaka wholesaler

Processing

Drying “This year, people reduced the use of color sincaéric didn't get wet and it was
adequately dried.” (R-3, KH) Khagrachari polisher
“If turmeric gets wet in the rain, no matter howuyolish, good color will not come
out. Then, you have to add color in order to sethie market.” (R-4, BA) Bandarbon
polishers

Polishing “When manual polishing was common, a color cafiedti (yellow pigment) was
available. It was used during (manual) polishinghari (clay pots) Alumis used to
make turmeric dirt free angkuri to make it colorful. 5 grams @kuri is used for
polishing one mound (~45 kg) of turmeric along wathgramsalum.” (R-6, PB) Pabna
polisher

Storing “There is no problem if you eat old turmeric. HoweMirst year’s turmeric’s color
looks polished, then the next year the color besoligbt. After that, the original color
goes away and we have to mix in color.” (R-2, KHjagrachari polisher
“In season, color should not be mixed since goaityturmeric is available. Toward
the end of the season, when it rains, color adshtiveed to be added to turmeric.” (R-1,
KH) Khagrachari Polisher

Production

Consumer quality assessment

Upon purchase “In case of ranking turmeric (roaldy, we first notice the size of the root and
whether it ischori (finger) ormotha (bulb).Between big and small, we select the big
sized roots because it is in high demand and haerlogiality After that, we check for
the maturity of the turmeri@hen, we check ithe inside color of the dried turmeric
root looks like egg yolk. Finally, we check for abntent.” (R-10, NA) Natore polisher
“The bulbs look like egg yolk on the outside whe addpeuri (yellow pigment). But
you never find the same color on the inside andidatof the dried turmeric roots
(bulbs)... Bulbs have more rough fibrous knobskairtexterior, hence people add
more color to them. All of this is a dreadful piaet A person can check for inner root
color by breaking the root into two pieces if iisinger root. But it is difficult with
bulbs. It is hard to break them (bulbs) by hanthenmarket. That's why they (bulbs)
are colored most.” (R-1, PB) Pabna wholesaler

Upon cooking “[The good quality turmeric] is powddrturmeric that requires a small amount to give
curry a perfect color and doesn't taste bittepihgone uses too much in the curry.” (R-
3, PB) Pabna polisher

Type of consumer “Those who know turmeric, they will always buy cé#ss turmeric. On the other hand,
those who only go by looks, they will buy coloredmeric.” (R-2, KH) Khagrachari
polisher
“Colored turmeric goes to Dhaka and Chittagong.réti€ no demand for turmeric with
color additives in the local area.” (R-4, BA) Barloian polisher
“The quantity ofpeuri (yellow pigment) depends on how colorful you wint
(turmeric) to be. For the dried turmeric root oheithat you found at Shambazar

Consumption



(Dhaka's major wholesale market), | used fégri for 500kg of dried turmeric root.”
(R-9, NA) Natore polisher

Regulation

International

National

“We would have never known (that terim contained high levels of Pb) if we didn’t
export it. We would have never known if we just tioned to sell it locally.” (R-1, P)
Company representative
“Kawn (one kind of rice flour) may be mixed in some pewat turmericKawn is 20
taka per kg. You will find it in loose turmeric pder. You will not find it packaged
branded turmeric powder because none of us wanpani®@s to reject our turmeric
powder. In Dubai, if they find any kind of adultéom, they destroy the shipment and
throw it in the sea or they burn it.” (R-1, P) Caany representative
“I have a grinding machine in the bazaar. Thergpéttors/police visited to see my
powdered turmeric. No one has visited here (wh@aish dried turmeric roots).” (R-
6, PB) Pabna polisher
“6-7years ago trouble arose for using color. Pdlispectors started to check whether
color we used or not. | don’t know about punishmeettause | didn’'t see anyone get
punished.” (R-9, NA) Natore Polisher
“Two years ago, a person from this sub-district wahe color business. He brought
yellow pigments from Dhaka and sold them here. €hisr additive was brought only
to be added to dried turmeric root. He sold ih® polishers. After the police came by,
he stopped bringing it. Now the polishers havertogit from Dhaka.” (R-5, PB)
Pabna wholesaler
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HIGHLIGHTS

« Turmeric adulteration with lead chromate was assessed in Bangladesh.

¢ Turmeric Pb concentrations exceeded the national limit by up to 500 times.

« Evidence of turmeric adulteration was found in 7 of 9 turmeric-producing
districts.

« Turmeric adulteration was found to be driven by consumer demand for yellow

roots.



