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Abstract: Problem statement: This study’s goal was to assess the arsenic caatient of various
beverages and broths purchased from a local chigiarmarket. A source of chronic arsenic exposure
occurs via food and beverage consumption. Grourehgtels of total arsenic are regulated (<10 iy L
by the Environmental Protection Agency (EPA) but ffudies have examined arsenic concentrations in
common beveragedApproach: In the initial analysis of 19 items, total arsemiencentration was
assessed from a variety of fruit juices, sportakdi sodas and broths. Items found to contain deokl
total arsenic>5.0 pg L were further evaluated. Additional analysis ineldgburchasing multiple brands
of items>5.0 pg L*and analyzing them for total arsenic and chemipakies of arsenidResults:
Among the beverages in the initial analysis, agpiee (10.79 pg [}) and grape juice (49.87 pug*).
contained the highest levels of total arsenic. Upramination of items with As concentrations above
5.0 pg L, varying concentrations of total arsenic were bimapple cider (range: 5.41-15.27 pg)L
apple juice (range: 10.67-22.35 ugHl. baby fruit juice (range: 13.91-16.51 ug'Land grape juice
(range: 17.69-47.59 pg 1. Conclusion: Many commercially available juices contained conmions

of arsenic that were higher than the standardofiai airsenic allowed in groundwater as set forthihgy
EPA. The concentration of As in these juices vafiedween and within brands. In general, those
consuming apple and grape juices are the youngldedy and it is these populations that may beemor
vulnerable to over exposure of heavy metals.
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INTRODUCTION current standard for total arsenic in groundwedsrset
forth by the Environmental Protection Agency (ER#\)
Arsenic (As) is a widely distributed element fdun 10 pg L}, which was lowered from 50 pgLdue to
naturally in the earth’s s8il. Arsenic is classified as a the association of chronic arsenic exposure assla ri
known human carcinog€hand has been placed on a factor for various adverse health outcofties
list of top 20 hazardous materidls Chronic arsenic The metabolism of inorganic arsenic involves
exposure is known to be associated with variouseduction followed by methylation. Arsenate is ffirs
cancers, including lung, bladder and skin cdfifer reduced to As(lll) prior to methylation. This is
Arsenic exposure has also been linked to diaB&tes considered the first step in detoxifying inorganic
and cardiovascular dise&%e arseni€?. Arsenite is then methylated via hepatocytes
The most common source of human exposure teo form Monomethylarsonic Acid (MMA) and
arsenic occurs through natural contamination ofDimethylarsinic Acid (DMA). MMA(V) is methylated
drinking watef”. Inorganic arsenic is consumed asfrom inorganic As and then reduced to MMA(III). Ehi
either arsenite [As(lll)] or as arsenate [As(V)lh€éBe is then methylated to DMA(V) and then reduced to
forms of arsenic may be present in ground wateDMA (Ill). The process is not complete and some
supplies depending on the geology of the regiore Thinorganic arsenic and MMA remdifl. The trivalent
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forms of MMA and DMA are more toxic than their juice, grapefruit juice, iced tea, lemonade, spdriak
inorganic compounds or their pentavalent fdtthsThe  and whole milk.

trivalent forms have been shown to inhibit enzymati Items found to contain As levet$.0 ug L* were
reaction8® and should be considered as a potentiafurther evaluated. Twenty-four additional items ever
factor for the development of various cancers. purchased and tested for total arsenic and chemical

Data are readily available for groundwaterspecies of arsenic. These items included applee,juic
concentrations of arsenic, however there are fedies  beef broth, chicken broth and grape juice. Iteneslis
that have examined arsenic concentrations (total othis evaluation were purchased approximately onetimo
chemical species) in commercially available andafter sampling the 19 brand name items and included
commonly consumed beverages. The primary oversighdeneric name items along with brand name itemssd& he
of food contaminants in the US is through the Fand  items were of a different lot number from the it
Drug Administration (FDA). The Center for Food samples. Four aliquots of 10 mL were obtained from
Safety and Applied Nutrition (CFSAN), a division of each newly purchased beverage and broth sample and
the FDA, conducts the Total Diet Study (TDS) analyzed for total and speciated arsenic.
annually*®’. The goal of the TDS is to measure levels of
various contaminants in approximately 280 foods andsample preparation for analysis. All samples were
beverages and to estimate the dietary intake a$etho prepared by microwave digestion. A one mL aliquibt o
contaminants. The TDS includes the assessmentadf to each sample was placed in acid-washed 7 mL Teflon
arsenic concentration. bombs and 0.5 mL of concentrated nitric acid was

Other smaller studies have been conducted tadded. Samples were sealed and heated in a miogowav
assess arsenic levels in common beverages, but hafr 5 minutes on the medium-high setting. Samples
been limited to specific beverages. These beveragasere cooled and vented and heated for an addit®nal
include Chinese t€d, mineral watét®, breast minutes on the high setting. Additional steps ddthrey
milk!**?% and alcoholic beveradés®, specifically on the high setting were performed as necessary to
wine and beer. complete sample digestion.

Few beverages have been assessed for total arsenic For total arsenic analysis, samples were brought u
and chemical species of arsenic. Thus arsenito volume with Milli-Q water for Inductively Coupie
concentration and species distribution  werePlasma Mass Spectroscopy (ICP-MS) analysis after
characterized among some commonly consumedigestion. Two samples of NIST SRM 1640, Trace
beverages and broths that were purchased in TucsoBlements in Natural Water, were processed with the
Arizona and compared to data obtained from the totabeverage and broth samples as a control.

diet stud{/®. For arsenic speciation, the samples were filtered
through 0.45 um nylon centrifuge filters after ditien.
MATERIALSAND METHODS The samples were then analyzed by High Performance

Liquid Chromatography (HPLC).
Item collection. Commercial beverages and broths
were assessed for total and speciated arseni&rsenic analysis. Total arsenic was analyzed using an
concentration. All beverages and broths were pwetha Agilent 7500ce ICP-MS (Agilent Technologies, Inc.,
from one chain supermarket. For each beverage ar®anta Clara, CA) with a MicroMist nebulizer (Glass
broth, the lot number, container description (ptast Expansion). An ASX500 autosampler (CETAC
glass), volume and expiration date were recorded foTechnologies, Omaha, NE) was used to introduce the
tracking purposes. Items were stored in their ndbi samples into the Agilent 7500ce. The operating
containers under the same conditions as they wergarameters were as follows: Rf power, 1500 syatt
obtained from the supermarket (room temperature oplasma gas flow, 15 L mih carrier flow, 0.85 L
refrigerated) until aliquotted for analysis. Aligted — min™: makeup gas, 0.15 L mih Acquisition
samples were stored at -20°C until time of arsenigarameters were as follows: Arsenic measured at m/z
analysis. 75, terbium (internal standard) measured at m/z, 159

points per peak 3, dwell time for arsenic was ¥6 s
Study design: Nineteen brand name items were and dwell time for terbium was 1.5 sec. There were
selected. Two aliquots of 10 mL were obtained fromseyen repetitions.
each beverage and broth item and analyzed for total Two NIST SRM 1640 control samples were used
arsenic. These items included apple juice, beefhbro n the analysis of the 19 items. The control sarhpie a
bottled water, chicken broth, cola, fruit puncha@e  certified value of 26.71+/-0.41 pg™L The two
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control samples returned an arsenic concentratfon q:oncentration o_f As decreased from 22.81—11_.131?(,9 L
26.12 and 25.86 pg L In the analysis of the 24 in the grape juice sample th(fl concentration of As
additional items, two NIST SRM 1640 control samplesdecreased from 49.87-17.69 ug' land in the whole
were used with the same certified value. The twogmilk sample the concentration of As decreased from

control samples returned an arsenic concentration o-92-2.78 Ug C. . i
26.68 and 27.04 ugt The average total arsenic concentration from four

Arsenic species were analyzed using an Agilent"‘l'ql.’gtS a_nd th(_a As species for each .Of the .24
1100 HPLC (Agilent Technologies, Inc., Santa Clara,addmonaI ltems Is shOV\_/n in Table _%'.The itemshwit
CA) with a reverse-phase C18 column (Gemini 5u Cléotal arsenic concentraﬂon;sS.O_Lllg L mcluded_ one

apple cider sample (15.27 pg-), five apple juice
110A, 150<_4.60 mm, Phen_omenex, Torrance, CA) a_‘”dsamples (range: 10.67-29.52 ug)L. five grape juice
guard cartridge. The moblle_phase (ph 5.85) coathin samples (range: 6.96-47.59 pgh. 1 chicken broth
4.7 mM tetrabutylammonium hydroxide, 2 mM gample (11.13 pgT) and 1 beef broth sample (19.11
malonic acid and 4% (v/v) methanol at a flow rate o ;g |™%). All of the milk samples contained less than 3.0
1.2 mL min®. Column temperature was maintained atpg L™ of arsenic.
50°C and samples were kept at 4°C in a thermally In all of the samples, the measured species tuht h
controlled autosampler. An Agilent 7500ce ICP-MSthe largest contribution to the total arsenic
with a Conikal nebulizer (Glass Expansion) was used concentration were As(lll) and As(V). In the apple
the detector. The operating and acquisition pararset ciders, nearly three times the amount of As(V) was
were the same as for total arsenic analysis. detected compared to As(lll). In the apple juice
samples, there was 1.5-5.5 times as much As(V) as
Arsenic analytes. Results included concentrations of there was As(lll); however, in the grape juice sksp
total arsenic, the inorganic species: As(lll) ans{M)  the opposite was observed where there was 1.5-2.5
and the organic species: Monomethylarsonic acidtimes as much As(lll) as there was As(V).
MMA(V) and Dimethylarsinic Acid, DMA(V). Analysis

of the arsenic species MI\/IA(III) and DMA(III) was ho Table 1: Total arsenic concentration from seleeebages and broths

possible due to their unstable nature. The limit of. description M::?ut;)%a
detection for arsenic are as follows: Totabeaic Appiejuice 1 10.79
0.1 pg L% As(lll) 0.05 pg LY As(V) 0.06 pg ',  Beefbroth 1 42.63
-1 1 Bottled water 1 211
MMA(V) 0.04 ug L™ and DMA (V) 0.04 pg L. Bottiod wator 2 <010
Bottled water 3 <0.10
RESULTS Bo?tled water 4 <0.10
Total arsenic concentration for 19 items (lot 1): The gg:;kf" broth 1 2;(5)%
average total arsenic concentration from the twgquats  cola 2 1.52
for each item is shown in Table 1. No two aliquioten  Fruit punch 3.66
the same item differed by more than 1.83 |i§j The  Grapejuicel 49.87
. . . . Grapefruit juice 2.14
items with arsenic concentrations greater than @0 | o4 tea 535
L™ include: Apple juice (10.79 ug), chicken broth  Lemonade 3.00
1 - Orange juice 1 1.96
_(2_2.81 pg ), beef 1broth (42.63 Hg ) and grape Orange juice 2 >3
juce (49.87 ug L[). Whole milk had an As  gyoqs drink 1 209
concentration of (7.92 ug1), The bottled waters, colas, Sports drink 2 1.91
fruit punch, grapefruit juice, iced tea, lemonadenge  Whole milk 7.92

a: Derived from two aliquots from each item; b: ifimf detection for

juices and sports drinks were all below 5.0 j1f L . _ .
total arsenic = 0.1 pg't; As: Arsenic

Total and speuated arsenic concentrations for 24 Table 2: Total arsenic concentration (Lig)lof items measured from

additional items (lot 2): Apple juice 1, grape juice 1, different lots

whole milk, beef broth 1 and chicken broth 1 wefe o Lot 1: Mean total Lot 2: Mean total
the same brand as used in the initial analysi©iefl9  item description As (SD) As (SDY

items (Table 2). A wide variation of arsenic Applejuice 1 10.79 (0.11) 22.35 (0.72)
concentration can be seen among the newly purchaséiape juice 1 49.87 (0.09) 17.69 (0.73)
items. The concentration of As in apple juice sampl Whole milk 1 7.92 (0.17) 2.78 (0.27)
increased from 10.79-22.35 pg'Lin the beef broth Beefbroth 1 42.63(0.99) 19.11 (0.91)

Chicken broth 1 22.81 (1.29) 11.13 (0.40)

1 Q
sample the concentration of As decreased from 42'6‘%\: Derived from two aliquots from each item; b: Ded from four

19.11 pg [, in the chicken broth sample the aliquots from each item; As: Arsenic; SD: Stand2aviation
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Table 3: Total and speciated arsenic concentrafippd™) from beverages and broths

Item description Mean total As (SD)  As(lIl)® As(V)° MMA(V)® DMA(V)"®
Apple cider 1 5.41 (0.40) 0.98 2.90 0.80 0.30
Apple cider 2 15.27 (0.75) 4.29 11.20 0.81 0.92
Apple juice 1 22.35(0.72) 4.48 13.60 0.39 0.68
Apple juice 2 10.67 (0.62) 2.73 4.20 243 0.27
Apple juice 3 12.15 (0.58) 1.75 9.13 0.33 0.27
Apple juice 4 29.52 (0.51) 3.74 21.30 0.53 0.60
Apple juice (infant juice) 16.51 (0.81) 3.91 9.93 .20 0.79
Grape juice 1 17.69 (0.73) 2.06 7.60 <0.04 0.27
Grape juice 2 6.96 (0.65) 3.10 2.06 0.25 0.60
Grape juice 3 16.40 (0.73) 7.37 5.29 <0.04 2.07
Grape juice 4 47.59 (2.60) 35.65 15.30 <0.04 0.97
Grape-apple juice blend (infant juice) 13.91 (0.27) 6.83 4.28 0.19 0.80
Whole milk 2.78 (0.27) 0.29 0.56 <0.04 <0.04
2% milk 2.64 (0.19) 0.17 0.28 <0.04 <0.04
1% milk 2.76 (0.11) <0.05 0.56 <0.04 <0.04
Fat free milk 2.67 (0.08) 0.94 1.05 <0.04 <0.04
Beef broth 1 19.11 (0.91) 5.94 6.56 <0.04 0.17
Beef broth 2 7.46 (0.12) 1.37 0.37 <0.04 <0.04
Beef broth 3 7.87 (0.12) 0.33 0.92 <0.04 <0.04
Beef broth 4 9.09 (0.14) 1.14 1.45 <0.04 <0.04
Chicken broth 1 11.13 (0.40) 1.38 <0.06 <0.04 <0.04
Chicken broth 2 6.16 (0.11) 117 0.66 <0.04 <0.04
Chicken broth 3 6.76 (0.22) 0.17 0.78 <0.04 <0.04
Chicken broth 4 7.54 (0.19) 0.27 <0.06 <0.04 0.29

a: Derived from four aliquots from each item; bmiti of detection (ug T) for As(lll) = 0.05, As(V) = 0.06, MMA(V) = 0.04rad DMA(V) = 0.04;
As: Arsenic; SD: Standard Deviation; MMA: Monomelmgonic Acid; DMA: Dimethylarsinic Acid

Table 4: Subset of arsenic results from the tdetlstudy*® and this study

Total diet study eBent study
Total diet study Number of Items with no Meatal Maximum Number of Mean total
item description item analyzed  As detected As (D)LY (ug L items analyzed As (SD) (ug'h
Apple sauce, bottled 51 51 ND ND 3 10.34 (5.30)
Apple juice, bottled 51 37 4 (8) 40 5 17.80 (22.66)
Apple juice, strained 51 43 3(6) 24 -
Grape juice from frozen 51 35 4 (6) 23 ) 25.24 (17.34)
concentrate
Whole milk, fluid 51 51 ND ND 2 4.49 (2.67)
2% milk, fluid 51 51 ND ND 1 2.64 (0.19)
Skim milk, fluid (fat free) 51 49 1) 20 1 2.67 (0.80)

a: Total diet study values for pgLwere calculated using 1 kg = 1 L; b: Apple cidé0% juice; c: Grape juice was bottled; SD: Standard
Deviation; ND: Non-Detectable

For the broths and milk (excluding fat free), thecomponent of total arsenic in apple and grape guice
inorganic metabolites composed a small fractiothef The mean arsenic concentration from the beverages
total arsenic concentration. In fat free milk, A§(and  sampled was higher than those found in the Totat Di
As(V) explained the largest proportion of the total Study for similar items (Table 4). In the TDS, séesp

arsenic concentration. were taken from various apple juices, grape juiceé a
milks. All sample results for arsenic concentrasion
DISCUSSION the TDS were reported in mg RgMicrogram per liter

was calculated for comparison of results usingugio
Out of the initial 19 items five were above 5 ig.L  estimate of 1 kg = 1 L. Bottled apple juice sampled

Inorganic arsenic was found to be a major contiilgut grape juice samples from frozen concentrate had a
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mean arsenic concentration of 4 ug.LAt least one the arsenic species concentration was from a single
apple juice sample contained 40 pg and at least one sample.
grape juice sample contained 23 |ig. L Information regarding the source of arsenic sgecie
The average total arsenic values described in thi® food is limited. The uptake of arsenic in plaatsd
TDS are lower than the average values reportetiign t animals is likely from water containing inorganic
study. In our study, the mean total arsenic comatinoh ~ arsenic. Residual arsenical pesticides may also
for the five apple juices sampled was 18 [ifwhile in ~ contribute to the arsenic found in fruits. When
the TDS it was 4 pg L. In the total diet study, the 'Organic arsenicis (;onsumed b_y plants or gmrth;és
standard deviation for bottled apple juice was restbas  Inorganic - arsenic is metabolized resulting in a

. : bination of inorganic and methylated arsenic. It
being 8 pg [* which puts many of the samples above®oM oo .
10 pg L of arsenic. These levels in apple and grap ay be through this biological process that we olese

- : i tios of arsenic species between fruits.
uices may be of concern as those consuming thes& Y'"d rd _
J y g With the global market in the US, we should be

beverages are typically the yolfior the elderly. - o ’ :
Arsenic concentrations among different lots of the€X@mining arsenic in beverages more routinely as it

same brand of broths and beverages varied in thi§@y be present at levels above those for drinkiagew
study. The high concentration of arsenic foundhie t in the US. Random spot checking of a few samples pe
brand of broth in the initial sampling was not e Year may not be enough to identify beverages \eitbls

in the same brand of broth upon retesting anothe®f arsenic greater than 10 pg'Lin the US, the exposure
sample a month later. Variation in arsenicto arsenic from drinking water is decreasing due to
concentrations among the beverages and broths méjricter regulations causing foods and beveragpaioa

be due to the origin of the animal product or fruitlarger role as the primary source of arsenic exgosu
being used to create the items. Since the lot nusnbe The Agency for Toxic Substances and Disease
were different between the two time periods, theRegistry (ATSDR) lists the Maximum Risk Limit (MRL)
beverages and broths of a particular brand may havef chronic arsenic exposure as 0.0003 md kigy 2.
originated from different production facilities. For a 190 pound male, the maximum limit of arsenic

Because arsenic does not degrade, it can continugnsumption would be approximately 26 pg tay™.
to be problematic wherever it resides. Many orcbardFor a 163 pound female, the MRL would be

throughout the world are contaminated with pastafse approximately 22 pg 1 per day. Based on As

arsenical pesticides. In the US, lead arsenatecfist  concentrations we found, those consuming large
were widely used in apple orcharftem 1925-1955 . 0ints of apple juice or grape juice may be

until DDT .became davailac?le. Residl:]al lsoil m;tigdeconsuming more arsenic than the MRL for their weigh
concentrations are dependent upon the lengt am Typically, individuals consuming these beverages ar
property was an orchard and to this day higher

. ) . children and the elderly. Children may be the most
amounts of lead and arsenic can be found in tHeo§oi il h o off f ic duahi
former orchardé”. One study out of Washington susceptible to the toxic effects of arsenic duehts

indicated that As concentrations in lead arsenatd™® period of growth and developméfit
contaminated soils could be of cond&n since The number of samples taken and the fact that

pesticide residuals in orchards have the potemfal [hesé samples were taken from one supermarket is a
being absorbed by the fruit tree. limiting chtor. We have learned that arsenic
The data in this study are limited but we shovt thaCOncentration among beverages and broths vary among
arsenic concentrations vary among and within brand@nd between b_rands. L_evels of Inorganic arsenic in
and are well above 10.0 pg'lin some beverages and Some commercially available apple juices and grape
broths. It is unknown why the apple juice samplad h juices are higher than the standard for total acsen
more As(lll) than As(V) while some grape juice allowed in groundwater in the US.
samples had more As(V) than As(lll). It may be suie Foods and beverages consumed in the US originate
of the stability of the arsenic spec¢iésor that the water from around the world. Residents in the US purctiase
used for irrigation in the orchards may contairmér nearly $2 trillion of imported goods in 2007 bassu
proportion of one species of arsenic over another. FDA estimates. These goods entered into the US from
Table 3, there were a few items in which the surthef more than 300 ports of entry by 825,000 impoH8rs
arsenic species was greater than the total A3his is of concern since the production of foodsl an
concentration. This was due to the total arsenibeverages use standards from the country of origin,
concentration being an average of four samplesewhilrather than US standards.
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CONCLUSION 5.

Commonly consumed juices bought at a local
supermarket contained arsenic levels that wereehigh
than the allowable limit of arsenic set forth faeimtting
water by the EPA. The levels among one brand ofeapp
juice, grape juice, whole milk, beef broth and &kic
broth varied across lot numbers. This demonstriies
variability of arsenic in consumed products whigh i
likely due to the source of ingredients coming from?7.
different locations. The beverages with the highest
levels of arsenic (apple and grape juice) tend éo b
consumed by the young and the elderly, individ tizds
may be more vulnerable to over exposure of heavyg
metals.

Further investigation is needed to acquire a bette
measure of exposure to arsenic from commonly
consumed beverages. Data from the total diet study
based on 12 samples of any particular food or laeeer
per year. This may not be enough samples given the
variability of arsenic levels across lot numbers as
demonstrated by our study. Future research inenars
levels in food and beverages should include
examination of the underlying arsenic content afsso
and irrigation water sources.
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