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Method of Caleulating the Accepiable Level of an Impurinv in Carbon Dioxide for
Carbonated Beverage Applicatioms

This publicution provides o method for detormiming whether the concentraton of an unavoidable and unwuanled
impurity fournd i carhon ioxide (0L T belonw the Tevel which may eive tise ta publie health concems. ic.,
determining that the CO, jis of suitable purity for the imtended application. This melthod of analyvsic is mot
recommendad for evaluating the effect on the Food and Diip Administration (FOA) swwes of 00, of residaal
intentionally added componnds, which inay be subject w FOA S premarket clearaner suthorily, The
ealculation evaluates the safofy of CO, for carbonating beverges by comparing potential dictary exposure to
U dnmpurily oy e Wictwally Sale Dose (VEDY for thal subslance established by FDA. Carbon diogids used
fur this spplication must comply with sufely und pood manufacturing practice (gomp) requiremente and may
nol therelore, prosent a signilican: nisk of cxecssive exposure oo the mpority. The analvsis o this publication
Teguines polenlial caposure 0 an impuly foom g single type of application to be oo greater tun (0% of Lhe
WS,

Carhonaizd beveragss are the principal soures of carbon diogide in the human dict. It is alan recognized that
certiin inpurilies are present in s OOk, and are abso consumned with Lhe esrhonated heverapes, The
foilewing points expand ona ttas fact:

I Most bolllers wse direcl. bdal vaporization of liquid CO.. All of the Imporitnes i the liguid {0k, can be
assumied Lo e present in the gasesus (0,

2. The O {and its imparities) are ot info sobotion in the carbonation process.

3. The water soluble linpurities in the CO. will stay it the hiquid as the conainer i: apened and loses some of
ity LA,

4. ‘The enrire liquid content, incliding the CO, it the solution in the carbonated beveraze and all of the
impurities in the €0, is consmned.

To datermine the acceptalle level of an impurity in carbon dicicle used [or this application, the following
standurd FDA assumptions are nsed:

. The total daily diet consists of 3 kilograms (3.000g)." One half of this dicl (1.5kg} is liguid.®

2. The Natiorwide Food Consuinplicn Survey (published Mach 1982, reprinted Feboary, 1990 conducted
by the United States Department of Agriculture (USDA) found that the B0th percentile conswner drank

VRIR, Recomsendarions for Oenlstey Pata for Tufireet Focd Addfiteve Petiteans. Sepember, 1488, p. 17

“FDA hus bumg estimuted thal te huroan dict was equally divided intn solida and liqeids, Ta., b Jaily yuantity of fosd consemed by
a peoson, cxeluding liquids. was VM0 grams, as stated by FOAYS Chieel Togionlogisy, 1r sAmold 1.chman See Lohasan, Bullerin o the
Association of ood and PDoog OFficialy, (hueeper e Rogart it Edior oe Topdos of Carrenr Dnervests Approxisane felamon of Fars Pey
Miflan a Dist to Me/Koidlay.
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300 grams per day ar less of carbonated beverage.” (The Mutional S0l Donk Associalion sewistes mdicare
the average national per capita consumption of carbonated beverages is 500 12-0z. cansfyear, or 0,47 kedday.
Ry contrasl. FI)A estimares that the average Americun consumes less than 300 grams per day of carbonared
beverages™ Therefore, 500 prams per day consumplion of carbonated beverages 1s a conservative estimate of
"high-cnd” duily consumplion and is an appropriatc estimate for caloulating chrooic exposure o benzene in
o,

A Tois rypically assamed thar a safe exposure from any single route will nol resull In concentrations greaver
than 10% of the Vinmally Safe Dase (W5DY  Another way of looking at this safcty factor iz that uo mors
than 10% of an impuricy shonld come froun o sinzle item in the dicl

Calculation for Benaene

1. 410 volumes of CO, are wsed o carhonate one volome of waker,™

| )

CO, welghs 0.00198gm] @ 0 *°C & 1 alrmosphere,
3. The daily intike of carhonated heverages 15 50Mg.

4. 50k carbomated beveruge is 5K mi. The valame of CO, in this carbooated bevermee is 4,10 x 500 or
2050 ml.

3. The weight of the OO, in ke daily intake of carbonated beverages is 2050 ml x $00198¢/ml = 4.0,
6. Bused on the FDA V5D ol (1.5 ppb bencene (rom all sources in the daily dist®, the acceptable

conceniration of benzene in the duily dict due to carbonated bewarages is 0.5 ppb x 0.1 = 0005 pph = Q.03
k 1 henvene por g of liod.

¥he 9ifth percentile consuner ngests the same amount. o wors, a5 90% of the penenal poputsoon. The S-day aurvey nsed here
(people who have coosumed al lzasi one cathonated heverage wathim the last 3 days) ks moe conservalive thao Cee typical DA T4-lay
zurvey 10 thal it concentroies the survey o higher frequeney consume s aof carhonated sty drinks.

TEDA, Taddeological Princlples for the Safery Askessment of Direct Foud Addilivex weed in Fond, 1952, p. 3.

Y38 wolumes all €0, are el o carbanale sen-palyethylene terophthalate (PET nr PETE) packagad Deveriges, Lo, cons amd biles,
4.3 volowes s used Tor PET-packiozed Deverages, which socoant Tor less dan 455 8 sl packsped soft drinks (Plastics Mews, Aprdl 6.
1992, page 30). Thorefare, on a usc-weighted hasis (enmseneatively azsaing ao fotntai dooks are consunyed) the CO, used 10 carbonuts
hevarages 15
(3.3 & 0590 + (4.3 2 045y = 402 volurmes

Tor the purpose of this caloulaion. we will wse the congervatve volus of 410 voiwmes CO, per volome of walcr.

In u Tebouary 14, 1991 meows, the Quandlnive Risk Assessmenr Commicze (FRAC) of FDA'R Coneer o Food Safzy and Applied Murrltnn seaed
that the unit riak factn: for benaone caleulaoed fram homen cpideminlogics’ stwdics 6 4.3 « 0T per g pee kg borlye weighl peroday e alsn the TRAL
report, Lt Risk futecter foe erzene, page 2 odatel Juely 24, [BEE) ITA fypically colewlates e e Yirually Sele Do @l coocenteation of o
sabsrance which will yield 4 cancer sk of ks than [ 2 W Bared opan the onit risdk calzalated by QRAC, the ¥VSI far benzens is 2,3 x 107 etk Bonly
weght per duy ¥ Fallswing FDOA": stmean] assumption of o Al kg persaa, this W50 mmdntes taoa dnily benzene consumption of [4 microgeams. {1.4
10 mg = 14 % 1t g} Lrue b0 the maroan of eror inheresd 10 the %50 estimate. this value is rounded o 15 mictoganes. Wlhin ceprcssss s 2 olio 10
the 3000 grams svedage daily food consumpliion. dwe WSO conventualion Tur bewcens i doed s 605 2 10% gramy bemrene pec oram food or 0.5 ppb =

-w\ei_gh[la-l
OWE = | aom = 23 &0 low diday
43 2 10 Tmpker b Sday] '
#5 |y e 10 g beneeme = s WM =05 OGP =4 pans
SN e Forod iday Fer billion (pphy by weight
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