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Community No. of families Popul-- Children 

tLion.. ..... .. .
0-11 months 12-71 nmnths 


El Barreal 210 1123 50 207 


Santa Naifa 331 1651 68 233 


San Juan 225 1233 60 19; 


El Jfcaro 384 1931 73 314 


Buena Vista 161 139 
 42 188 


San Rafael 137 760 39 
 144 


Saquitacaj V'.0 
 771 36 
 1 " ! 
L.aLibertad 169 
 935 
 37 187 

Cubulco 307 
 1536 I h 
 223 

San Carlos 288 1327 72 
 236 


Cahabonc it o 163 
 876 
 46 360 


Santa Fe 
 221 1292 64 
 244 


TOTAL 2,736 14,c74 653 2,464 


1 These population data were obtained during the present surveys and were used 


the national census
 

P'regnalnt 

womenNo. 


19 


26 


14 


21 


8 


7 


0 

12 


17 


17 


1'j 


14 


185 


to correct 


lmctti.ng
 
wo n
No.
 

4

51
 

51
 

58
 

35
 

35
 

36
 

37
 

57
 

71
 

44
 

54
 

572
 

the data from
 

http:lmctti.ng


41.i.1 ,1i "i..lI I4t1l tn I .6llltiulll1* 1i1l .I l 

i li h.illl.n1-4Iht"I' 66664i61 lI II hl II 11 i ll altlt1x 1 lh 1)1 

h t'n t11.bl4il'l41 
14%tli,- l.IIn11,,'s..Intl if 14..6t6h" Ih," 6I16.110 

10%tlr 1.11 l- 11( 1 IiI% 

im.t,kt'. %% ' I,'ill- 644.6lh l.l I 

11.166t 

I atlI I I-I'l 

I lit164 14111 11 1%4''L* 141 .1-1 1 11."6al % iii 
'ILIt* 'n 6l i %%6s 6it 

I i I .kt' ' lh' , t) l i 46t l ul -% 

lilt"I't ra M th \ t% ' Itil1 

III% I.I% *.liI 

()it l6411 , llt'.,ljo . a i tII6 I hilld.I,\Wt'I 6 

li.6t"1 1 l's I. It lh 'dit\ ll1141. 1*.61itll.)1(it[li-611'l' Lt" 
| ilt'., l olllill % trd caI't %% ktcrtl ( 

ll% *6 .ll.6'Il1 61I' 1.6611116S '.atlh 1.1% ( 

-, . 1 % 1 t'l661 I tiit f i I. ll I "c it I'cn6 

hi-' 11l.i \ 4161%it.1611 I %%t6 '- 46III,I f','4.)1 . o 

1.11 il l i 6 -4.ill1 li " ,' ILL.'.tn 

I66lif .6 1 6111 46III6 Ih I iIlll' I -lt* 6 

12 h41t1ih6 II l%,I c lI I ltc66i6 II Ut6 %%tIt" 

'll" 6, 1+6'%1I 16 ,Il 1 41 66ll1I 6*"II '6 . 66 6 m uI 

1 it111I Ioct %%lllL *,% ',i lt % %% 'tilli'\Iit66 6l v 

% .11 ill'ic,.( tIx It C t ithl I c ll)l X6 I.l*666l6-)~llI I 11'. "1114~'cl'k1'( ' .6II ' ti lt ) 61l i1t 

% l6'1.11.1 \l t', IIf I, ,lill llil- l 4l'!il 1 '. %' 'I ,)llt 

%%I I I l'ic I c% 1,,61 fill)'l.,466 I 6 %6' h 11 16'( 11 

It6' lhi-c6 , l,,Iwhl %% ,. I III, II.\.ll lood,i, k' 

tLo.I ct' w'n% I.61 t1. li f-66twl. t .1 it-O1 . , 
%'41*1666 t 66'N66 61x 1 I4 16646 16 1* 

6 ' 6614'
Ii. iti --.(6666I'11161 %' ..1 I It 166 116l'. 1644 % 

61.61.64.lt.l16614h 41 )I64'S 'I 166' 

WIll .'aIh II III i I I ll.' if %f tv'hi tht'u t x 

I666I1mli' i141 t'c Io thc.t .1 4 I44o il dw 

I 11ll'h. p, lit w' 4)6llllllll to) tltt lni66-

16 1 616' 66 6l,,I li6166'thlltcii lh'x s.6,',1411 116 

l1 1 . ic %% s( '6 6h,?wi16l d t'l ll %:!,k'I tt6 

h', I . l it c . , fill 6Ik l6 i It'% I4wt lht'1 )6t4 

th tl ti .tll46-64l' II I 4.6:'rILhbl ,.1%%%c1i, l ill 
.1146.ihel 1,'(164161 Il 

6 ,'-61 .i I lit- .11.1,i, l6 I.Imi I 4 ,%Ita"t\ 1 6i 

.:,I ,hcm i6 16 l. t16.461'l 

lth ' t1 r' 11 l n1I,\lh11t1 l."cmh. it.6lt hihl Id 6Ih'. 

hi I)6. 4. 1h .l I \il In1 '%% tr' 

tonlsf-tlli '+III XIq%' t( orlift tl 11li1I ,i l 
I641l. 1 1 irt' l 116 1 16' 1i 'll 16I46 I 1 %%.1h*' 

146 Ii i . I'tIit4 1261i i.641 . I4I6I%66 4if k6't6l I6'14.6' t 

" 6lllil i.6Ilh.il.1l IIin )il lto i*tl6 liltnot. 

%-hv'h'.1t' ill d 'i ('1% %%Ic'll 6'.4tl'd ( ll 11 

I1.111lllIh 4 (oiI li ti-' ,lll. 61 l t h ' Ilo' it i.imi 

IIhe IIlfi l 16l6llitoll obll i vill rt'i-,6l lin.g hw
 
int, ' ' i Il.4lin .\ I 66411n16 .6
641t inItt144il*,6% 

t k6I-6, %it itA .i titII(I If III a(it :iI t Il t I 
II I.Ii I I th 'l ll ilm tilt"1 aI letirtl l l 6 ir 

'41111 o*' ~I 4 t %.I .it 1i '6I 164a111ak of * * - om i 
l.I f I6* l kt't , li4 lll II .i,1 II, I%, IIittll 

pal I, ' %+Ilh1 1 .1"11I'cjl461n '1l l I ain I :kes4ll h 

126 41t n.I IN1 ;\I' 

ii |I' I t 6,l64i1r mid o ti '61si 

ih,t it c)l *xl viii li.t i I 6 

Da oll ntake t 
IllatI Il linl i( mll m'iltl Imtll[it vi l 'lovesuga 

u 'tl6 t .1 .u lat tilt a dthI ol .61 4 lall in 

.\It lit I iItI' I.lln)il 11-%%%cI"I t|1a1.111111 g 114111 

thi mll* I " .lilt6 1tit III I1to %%it i .it16I.ali6 I'1t 

lit-li'I,'6l - wtIIv( till I t t' 1111111IIiili % itSi ll 

t l 1 t li il iI"tt" 11m6I6..111 11.1 . 6t641 

% i l'I till% 11 6i6'l ' . .416 Ii*' 1611 "ll% I6664II. 

I '.6 4 1t64666%1 .6Ill 6\ t if1111. It.\14 611I I lil t i t 

' I ill 1 It ofI. 1.l ,I I .l i l6 1166'% (l i1*6 

Joellllo~lllll III ,ll111111lll,111 64. tiInlclr[di 'i'%l ("66h *1 11 )l t lti vI l.lnI (.1h 

, It 166l I. 1661l 611tb idI" h ' l ( a lolt%111L't 464lt-

,('-for %% I l6' n1%I t'til6 Ibitel6 . 6l l1tw 

. lil t 1" . i1,4'1 

IIIhIlI x6i. f6 6 insl. t im e.l i lnll .. 

I1661 A,1 tllIiiIll t 16I64 i 4. 4.11 t 

llli i "lt' \41* 
66164 ica % m..61 Iii,61i 4I' 6 1611,1146.6I611 II 
1166111ll .l6ll.l6 64i1*lIll\ ' .l ii)il, 66.L'61%I6161 

16.6611i . i( S141*611'1%%61 id' 14.6. r616'
 

llwd'm t, lll 

d 'I li I ,lil 6l iltn I ww1*l %%as 

,1bt%,lll d16t., oil thet"(t' ilj It-llol h l fI 

t old ill%tmill l1 I \vIll jl 11 . i 6hih6"i l " illl 

(i l 1 16 I lIh a 


" IlC'I lI- t,111 i li - 1l 11"lii
 
tt4m.6161t1 t 'Il6 ll6I4k t t(- 6I'tnig 

pl I" .11 1iI4it461v 

thI ot'.1 itiI l . l I i ,-i116. It , 1 ,'."6 . 
1ill .666 tth lhet ILI\. MtI t.1i l. il ig lilt 

ic,:,rt.i t-ail l I t"11,11 ilics ' , le6 '.'t4c611 tl 
.IlIln .61'n11 h .1,111h . 1'"1 I '% p stl1 II,'d 

6)I I lit lig . Il % I 1 .1 iuli %I Iitli'cmll lllln

666' .11 it . L B h lood Il116'-.61 % *. kt1ll h64 

I ilbot fil it lit-lit %ft rkv %l% hoii %%(Irt' . ill
 
1',I6644h 116 . I '4\I1 l itilt, rd 11% 6thi loll m t l616v6I
 

% 1 .1 Slp .1ii I1 ,.11ic I 1n4hh.n114..6' 11\ 1i* l(Li' 1g 

6ll iFl j'11 66666'.i1' 1-4-146ati . Sill 1 '1 ll 4. 411 h' 

ll1'l*. 

http:l116'-.61


Five millilit'rs of .. pnot% bl)od were o ) 

t1i3n,'4Fromn'thr ,inle'hul 1,ill u',il: nt1'+%lI fiit.,i% 
\,laulti llntllI i tS, witholut ,llticoagullitI. 

old dis le~d,liccd'(vhI h" p 'licl'n,,%%%(.r(. ti 

(.It'14 tlh I.Il'lL- % ithi (h"'itllard id.tri 

tionIit4' Ide.('eli 'l 

Ihill I 4..ik 'd fori 

Ih .' 1 I lemu oi .ev.. 

l '.ih(A flill" l L la 
( flll% Ih ". l'l 

lil-I l ot I I rI'Lu e.'ll' d 


. 1 11il g. 1..11 lli )all'l 
.. l edl( I~limo sk'andli 


%%hllI iml'ilh 

Thl Inll l 

T 11C.lclilll iu[)fa 

from lla "fuilll 

Nill 


.il 


i'li 


.\ l l il t] but11also 

nicliack p~mI c ndci li 
f r ige.Itv atl~ii I 11 h'8" i'n 

%ta mlv .,-lift- m illk c (liv"in"%llm ,, 

2 0 " (l:w ilhItIit I f l2 .1l l~l i)- o 

Rrlilml %%as.detult'll iincl 


. d ill .11 c . .lo. 

li r . Ir lls|io t to li I131 duI I liI III lf h, ill(-'.iaII tIIlll1.111 

ll . IIn .if (r git,'t 

' ill (lt- %.filll( i 

'.. ' ) .iratdIil,14 n 

(e'lm ilt1711 n .i 

.11 0)"C un il 
exposi~ rt". 14 Iiit 

fl14'41 o.ll(1.t .11 illlin44'i 

r i 4 m ik ll, lv 1
I4'1 '4ibrc am 1%)1i1,14aint. In 

IlI II 1.41 1% I %. li l t 1- i 11 l.ca. I iill4iI 
tomintnu il\, (finlft%',lrk lpir. votingi lft%isit 

(itld~lic " l' i t i -|)prif- lt . tiffvill' Iilh 


taikin ll" fil t'.kp I wn.s 11i1( l |(i 'l'I 
p[ w. rd h'.i leh. (',I%%..ina %0 1 1.-ptcldlll ho, 

tIhulfill)hv'l s (~ il ~lit, 'v il%I.N (:A..\!p t ulies, 

(1 I hic"I .l th411%i111 v'11 )[( ' edill t14 oIi. ' lirl'. 
toI - I'X lI he l'l %I-% ifr.(lifilldS tillofi Iik .li 


lll(-
I1) .1 I Illit vastl, inl1to.i 

)(-lln% nI)(- pll.infi %IIdr 

.if 11111 , 1v Illx-

llIha%ltohI"(litt' tll-

titlln da i /f~l. pr.ti'll- I 


I 1i I-i ..f..l if %%ftI farll I-( i I(iftI '.I IhII" -l.'k ll .It11 I 

rfi'o~/e nl a t1 

N .ti fif El \ lIm 

i )I , (- i ftllll 

allo m ilk %ilm-iimn , hIh .li-abolit m %l Iitl 

xlill-k c'roiwnlel i~,l lirc"%apilliifil-drxl 


lli mti . fl. .nd
1 2 nin elow a~'ll"IlIli'l 

I lnl l lud " li- ill iit 

1i11.%i~il-I illadliiiln 

-4-1111111 11h.i1 (1'S( l ib'(I 

Il i i' olit I - I(lt 

t lfi v i li ll l] I n\Stllli,l 

Ilc Inm'lh odli% 

bl\-ll. ' C'1.11 I114I1 

thJh ll- lcinol l I 

f Iduai,,,, I S 

e4n ,z.gtimii l logiod:i( t. . v1it I'. blood 

m-t un. milk. .and li,. I w.a' Illo,.1 
folr~llrllll c'oallilig the"Iou(lililllI 

l" I( cm-%%of rlif itatimi pio,.gi flln.I'llIf%' (ih," f 

Mt[Vl.1131 %.I%kt'jp ihritoughI.m,.l 

)il Ih.111.1II I i ( , pf-I)1Iocal(3o46' I f 11 %I' .IoI I 

liw's
. 
at11cili .lnI .1 .i 1'.1% i.'. 2 llli.in". i i 11ill 

h.i i(( ll ltI l'iI lI( I .iiIt I".. v I i i'(k* 1 n'i 

r14't A 4.11(lti.'." t ll i a 14 4'i t-31 jl 1 

"'lllr III.. 4i1i .inllk r ll 1 l1 il11 1 ill oitll. ih4' ll1 


I till I lt-'oIt.-'l if % 4.i'i. iiI(ih)t .1l113of . 
irli llm %%as h" I h~i 2}pelriilonl .alllla% 


1 rnl4 

Inll( iti'li.I [lt t 4'4dabout1'.%lilli. lkl 

[%%1). .11 1.it iIIIp'l aw' I Is1.4.1.%% 1%4 l 1.i.hrk( " 
' "I" s.ll% 44 wh .I% (1) (1.1%,d ' nIllldtl 1ii .i% 1% 

I-1l) tilil%[)llI ', :1 -Ipo w. l milll 'l a vl .11i 

t1111 11%.ll all." '..4' i' lIr l I % 11 I 
lIf ril1 'IM"(", W IlhI I-%ll h1.1lh1(I of '\4 .11 

pril litnl. '. . (it Ilic"
allih'. % (I . 11 11141i44 

fillI31411I 1rilii '('I ll an l.''1alo I 'llil%.'% 4d 
Ili.i11lIl i t-l, lilII%l I Ilil lIll l 11\afiiia I 


dla\ Ili 41.i\ Ihl i glhlilli 


tM 

h 11l1l.11lli/\hl) itri h I 1. h.' l 

.lllll\l i. ill iIiillu 

il Ii d 1 

I. l.. hlild,an m i. .i l i" 

lid.
a 

.i 

lll-1 

'lls ik lM-'ll404l 

li Il liI hl 

ll"01 %Ih.II Ilt 

11lilliu'.illil1.1 

( I 

cll. I h i.a 11 ill1llltc fill,IIlii 

i llll I( ' ill I II '(-i lli itI..hIt at Ilit

li i l .11 plll 


Ir.ml fiU %()it(- ill , I (r.lit'poiit~l...r i n(I).l lfiiiolirolfl II4 ti i 14)'!.111\iii 4 llilh 

loiC'l.ils'l inll get" lll l toih'I l hlll. l ill e ~.11\1.1-11111 l' l r .ol w( [tif-li.1.11lli% * in (m t
 

ri 'I( |"t fIlic %p"( UIIciI% %% lhi n ilI li- Ill'ir'. d all%ll i .lllrl\.11 ', %%.I '$ill
- ll '(p fI (illlg 

pirvird rc Iholik: %% lrift-liili. i hrIil~l liI makfll II Ih 
in i ca h l ll .lc r s l% a j si -1% .14 41I- l 

"lo lag c lit%,llnll . " lv i i I%%ht-%.i 112 (C lo t -o 

'. , '-i IhW- , .l4i .1 tllr li11 a Itic .1lI t 1 4 14h 1'l % 

Ih l l" lliltIilil hiolvlllit .11imiit .1ll11lS 
wrh'.i( %l 1. .1% ht l IhlIf llllil'1 1i.11 

ii.llillf..illan 111hifll -, illtiff .liillldic fh" of|
 

\%%111.1 ili~lll h.\4. bfll'fd%
il A.l Iil
 

CIM'lill1ilrlIll Ihi's lmlllltlili'il (()ll\( il" 

110hi t I '-lllhuli v i l l d Ih' ..r wd hI c' '.I. i t 

illi4oli4111 hh l lilmhol ll iiit). .111lilt l
n
 
and iniIlli.ca.I I %.imills Iln.lilicl hli.i,:to 
tt(hoi apprlo mIh for ih'ilgni iigl it Ih- lua'. ioln
 



14 IiPiatiid.II1111 .ftSUNIgakith t ,famm,, .4 

p i)1gia. Acc(01da aigiv~. tilt- priici paII ini 
(.11411%ihoweil (4) thIrvrtI and14 tiltalI I liri 

IIII 'm.aiifl ic I t t It 31oil %% -Ii 111vI v tIlI Mo 

Iv~'. illi hloM 1 tIlil (Ir .1IlItII 04ll%ofj 1))1 
1 (.11unol In1 iaauthr(I% I iuIlk . 

Iwtar ioiut. loii 
IIlltl 431411111 Ilvr.tIaol 

*aI I it 1.11tI I fat I I lv 
%oilai . .agv glill 

icr dtr13iio1 14 %(till% .li1-1i4;a4 t il tiiiaao.1I %[.filIII3 ar~.ii Ill 
childivil wa b4a-4-4I 

(oa%-.11~ itO Ils 
.1141 .11%4) 43I1%Iilirl (ihe 

liiu%'.l.3ti3l 4of 'iali .111113334thal' 1.4111111% 

Glow%441tar31111% if .3 pos3i311 rn 431 fill 

tailai .141ol 1.I, %1it4'ia fill% .3344' 41101 3.%%3 fill 

Ililt 1111-.114314.lbl' 1011111311onl II .3 14 for tt .31 

'11414.1 chlilt 1.11 .11141ma~il1% .IF1. .11%411 I I.I I 1(.4. 

.1 -11. 1i~jir, C.ijar(rt Iflttif 
I lIII loot4 e'lritaiola id11 tii l Ill IlllI 

%I 131 11.1%jIl I 'll - %~uatiua Iit *3%'C%%~livi 

I 1il1111laAa.u I lit %IgIIlI( ml(3I. lit OiI m 

"wit"% (aa4u Ililt- ilir- popoatima.3 it LkI I.hi 

lit-tIi 1il11111a.Isi/vt(I 

liarI Iaam-atiuaal.,I 

(aioaj fI'A(.(;) 

lIl r]1 4-li3111011 

I % AI 1111.314-I I it .33141bu% 

Vi.itiiia A ( :1off%itI II.13 

MIil D)ata Hom31 tll- Sian 

IM. 4411111iitrwt Iu% qmhiul 

Ijilk i. Qualiui (tiflhtl of iit-mralmiid lfor the dririination if 
itimil thnutighuut ihe %lud',1w(rn4). 

C.'tI' I '~.. Ul' I v idual 

o~ %- :' Ito. 1.1207 I~~ ft S 

MariI- A;'r 1 2. Isl 11.53 1.1It 

m 4,~ 

Tu I !l :t)37' 14 I0.1,()3 

fll :44 - lilt : ; . Cu 5 1 1.59 0t. 7 

full 0. 14 4.#150u.2 

hllt - A, . 6. it, lb ~.9$ I38 

1.1.1I - Felr 10. 7 9I 25 44 

In 41e ; - lit, III.:- I I I .1 ;4 2.3 

Individual determinations run independen~tly in duplicate on different
 
days
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i .I,'4l.Ill%,i4443l 1jl3 3f34 Ill Ill II "11 211
 

.33,1Il l 4I1 311)Ic I Ifillt(Ill-3I iiilIll3i Ophthilnlologik and Clinical ()h ,ailions
ll l 


l141 , fih,ll-i 't '3 ,,,I lic 3.i13l%%.I,
1 ' off' J4344,i 


Off- pi,ill' 1'131,'l . 14In,).dh34 11i4ili .llIIthiIIr'n it n1 ' '.t',its'.4iJr
)lll,,1 4111 1, 
4%f wi'r
 

Ilic4 41144it '333 and34 Io%% lit- ' for
it I4I13 I ".33444 1433' 31 o31\(- op113313 3i. If'. lilt
,1hl4 a.lit1:4 3.1 1 t.411*:t.il'. 4%soldc'l i I4llt\ i,43,1 % [to1
1 If ,U ,111ht','n S .eti.ill1 t1.iin'li 

343 34(f'fi% .3* 11h1'3l.'hI4 I 3t43loll ,l . If3'I . hlihltIit 13h1,lilIpow, h rv\).31 t'li 1 13111.11114)1
 
.o-iI Ihr *3.h 
 II h ) h, ill43i I I h llI 4 4(ist I3133 4333 1.1 1 lrhof3 lit., Ilh1thlr h,'1 13ini o it-IIIl 

I isI3%. I1 it3 ,1 s '''l l %. I1,433.3 '*34'4l33434 b\l '3i3I' 

.\11,
A(X I4,1 %%r,,lI:r,lldh', of)l .1speia lIhfll IINvvt,- I,' 
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tion registered on a special form (ste Ap. mala on the vitamin A. tiltmanufacturing 
p<'nodix !")on tlt- age. sex. occupation. cause of plrtrnix. ani the operation o1 forui fica. 

tl",th as determined after tl't autops. lion itself. At tiltsame time aln assesseent 
plati.(i dr'Jth. anod date .nd1 hour oi as made of tiltcost of the (ontrol pr(css. 
.III II%% 'ht"li. r sx.-cimens. consisti ng il inclluding I routin tollection of sugar 
.t r..aignnt (i approxitmate 20 g taken ,-litles. anal si . anlt monitoring )f tile 
%,,11,lti.4ll%from tiltright lobe. isere t lottem in the mills. (ost datla wevrev 

ob tained .s soolnl aiS olssile *gfttr death and std is,: total texjtl .i) (os5tlpr ,ear the 
l),t'4*t'ed roi'tn .t 20"C until inalvited" (4)1t1 tr% I)) I ot pr pound of sugar 
%it.ain414 A\ %% ltierntrited a distilled 1ot4iiti.as in je l cost pIer itilhlhitant Ixpr ear 
"5.1141 1)114oo')t. It15li\. all ol .1141. pernJ "' d(lapl4ti'41 the . (II )1wr "l)rotctetd pr vtear. 
un'tlhod of lesses 't.al (141. 1) estillialt tilt, stXt't of the iopulation 
AlIthoug.h thr.ll lit of Sit iII Iil ; rv - rot ted'" by tile interven tion. a torn

'vlit Il4th,' lis't of (:entral .'licrit)ls hadl4 l),41isol1l'. % iadt" li'tw+t'tzn prevaltlnt • of 
11l11 hbl-t l,')*,l ,'n it %%js it'.,,,ill , to tilt ',+"'siftr nm A\j.l "'dheficient'" ! 

"i %itailnin 

.1toll ,n t4114' 1on1%1nition ind befll alnd after.h.4si,of h h'fore (alculations were 
41.41t'41 It ,,I 111 .1 S4.( t 'tti,t ting.nS (+t l jx)ints the levels o4f1 14o% l1 I .44 .4 

%,,oid%110%.sic,"Ji .,i)14' itl .1 Ni4llifictllt I10.midu 20 p g of.%itanil A pr 10) ml of 
hIal4lit1ll l iii loI%% till(4e'lt rtion1sran11d114+I) I U111 

i1i.% li j l,'ss indi' idu l,%' itlh li1h h14'I .. 
hbn . tl l l l l l %.I s, anth r o u . f) " .S, i , %,ii l t t h t gh o ut ti ta t is ti ca l .-n a' -6l,s 


'toil eltoidl. litu itn 4. g i.,1 t (lnd l aI(IS 
sillhIll" ol,,5'r ,'. %%till I441'ro.st Ini the I ie( data ol)taine I Irom tite various 
llinlinl!' (.lsr's \%itll lt)1% ()notelltl .ti4)% tu iv,%t'rt' l)rocess'd in a cnputer II.11. 
\1 ,iL41 4Dilt Il '."i ir 11110)i1 t11 , e .4 '\1,'(t,.,l t, ot and4 snub)miitted(l t) statistical testilg b)v 
i, 4ll, 1i h lt(" .hg) ,t.114.,r4h't-'11, %otint 4l)," ) of 014,thods .24).
 

44.41i 1 
. ptil)l Iith ti.w
iAl,4, su.g.t %',.S 110t 

,) SI4h'.1 ,,41t11it'nt to(1 tlt.'1.4t4'.411% 41)1'141' 

1ptt~int miiltinttnulation Iilthilit "l'rhis RE':S UTB
 
1ttld,. %%, j%' Illetnltiolle", oil%Is. ht~orw. 

1 .111'4 ow4 in (,u.iteni l (:it%. .nd thel'" peri.o twWithin tilt- of %4'iir% of e%.llua
h44- itI,n4'1) 4l)r,'%4i.4ntk, (if4 th'i t er..ll tin. tl)t-tlgar a.%fortifi(l at4 t1h4nati)nal 

\'reht'hl'ss. sanl)'4,l~pl. tlto . ' silt"'.1l h'%,.l duri g th' tw!) %tugr.t li,4u11tion sea
.o 4. 1 'uh g 44'll4'eti dit" ,it (lit,'l.a sr)'v son%(;.alr' 3 ). front l),',('ln e'r I .5I7thiough 

I,%11411t an4% thi,"41 June ata l l)i.%. (h. t1 4)1) .1ul41' t11176lnfrot 1),'(rh .r1I1T throulgh 
%4'1%1'l %ilh tilt llotiliati.,l ) mutst lt' tihe" . ttle- 1977. )uring . 1h of th tw )roductito 
r,'lh'1i4h ,iltit' ,'leit I tht ilt4'r ,tetion wa',d4%s all 411tilt-' ,h'a.nd 4,l sugar%'t %hitl 
in ,h1i,l ,1g 4l4'n1-11)1-,'t. I hlot-ll )lli,)4lli'. l4 ,ih ,, r rhal. I)n (4 td "I," 

r4'%1)lt% 'o for' jpr4'%4'444' It) till%%444.lio144'll414 

~l~r,'sul o1I '. llu5))14 i lit" 
till i pli)h . tatio!)h 4Illh ultilional 

1,iigi 441 

.[Ill ill 
(AOst o)fFonification and ()ntrol 'rs v.tioll. \hl4ifi . (of411. "fortifi44 tll- pr 

I.ilion 4h.llin4 A ilautl and,lll44uttitional 
A 4f
.. it, 11 )51t +15% (onlh (t4'l Itit ('Il %taIttio )l ' I4ll la4 l4114%th"''lu 14'Iv,',r 

oil tlh," 1' e"ar o4)fortifi to li- rl.tr'l lfirst and of tht"%4on'( rsulti%,rt Ioo lh-,.llitioanal 
4.4144)ll. w'ith lata frot tit' Nati)nln Ao aI Ot%of 4'lil4)Il [hl Iw'o.)n. ,%,il.hh. to 
(I.4ti ofi Sugar .lanulfaturr%. ol (,uatt the (,uat4l'mll.n ioniulation. 



I|N I" ra t o/ III Ir~ar I, tth I #I I ryu .I 

DIirvecn tol Iict % foi tilied ill atcor 

.311" V " ith lilt- in1 i IutionI I on ilt- Suig.I 

Tale%.h and ') prwitn tire data obtaitd l.,goat i i h .",Ies:i and i .- Ii sItt'tnIth 

thlough the svsttlm (if sul)trvision atl "dw hlo3 I3'.( l -I1.11-41 (11. )1 It Iiglt II Ill 

control dle-'rilied tunlt i"Methods.- p.g il l % (ulAu- lot tilt-Itill3till th ilitict 
corliil I- t them- 7. r ot iti ibhltioi su44ll (11. A\ itntake otIata. mid 7 Il. )'nt f ili til"t illill 

ilt- itepot'l I l wi't.d %%hitc"sugar I oIutt'(i t ll' p ili (;ti.ita 'li.i llli t' (114 ilt Ii.p)ill.atil)n )11. 


ere' forti fied. 'I he ' ortifitation r.tio- Illiioni progl ll %.Is uIldtr '.ns .
 

(sce "ailuhe7 and 6t I olle' olut ti liv 628 for \\hv'itv l ls%(.I of lotitic .(tiol1 %%.1% .11 

1976.1114l 7t-1 for 1177 iqv%'a4d of Ihe meatn , l.latd In lin' "'6llllti4 atlili i.Ii" f(h

theoretic ll r.t13631 suigal for(ever ' .3l' 11111" I ul %% lilt-|li tciol tt .m I . ill c l. vd it 

'17" k.gs.tck I) Ilcltlix used. 1'hi% ratio of 5+l1 1111-11 i .1.I% it thil I tl 'sloitlittng 

wo'uhl 11' e. sU.g.r cotitntinitig I part (it '.i1.3 '..1N,1i ',oblaiit'dl 31 mtories. .iIoom h(" 

l;ritiiix ptr 1.11110 l),rt (if sugar. tlhat is. IT). iluihlpl .hlc I '",t%%.t .s Slliwn Il%as .1.it'4 

/. g.7)0 It'l of 1t1inl Ier gram. ()n (hi,, thi '.i.3'.4eg i 12.01 - S I) I 7 .nd I; - S. 

lais. te ,,tigat f ortifidt (cliring it I ) 2. Iespec t% I131 I ls ldt'el'l%ii to tht
 
1975 197 5easin %. uldl co I'.J 3. 1 .Kllot 41%,sln3 t ip uim1 till [lii.111 1.111)
l t.aln " "1411 llt 


that troim the 117 1477 se.Ison woulhd 1.1t-c v'%t,1.t1tlt- ImI"'l of
It- i136t1h,1 363 h frliitt1n 

I jg. . (:ombining.1 thit. stt' )f datl.l. and at .11 : . I liv I .i *ppl* t.1 11.311thu' milhli 

.l%%tll1nl11 th.t e'teh lailllilI, conzisunedl Stl.31 ti+iit.iI .I6.It.1t's 6l I0'itlin (-IS. I) illle 

With .lld 1%itlItut %it..mi A clistrihuted at nitif. 11or imoliiig fslst.1,4l l..iv.3g ,1l 

r+.3lothl throiugh tilt-. 6%o5ears. onFe1'6.ll i)llici it) .3(63nlitt3tlS thl )1h14314 111.1131C'l 

ttvnllipte tict' 'clui. tlulnt rilittion ol tilt' thi l3111'ss il (.tict l.tt1 lht"e ht'miicI 

lod ite'm /oritiled 5li.41 r its contain in 9.8 dI.i, . 13)'.'t . wereIt- .Isii 1l'lItll to I e.isur'' 

.Itl I0.I pg rtttinl pe'r gram for I176 and i hc' 4tilitol' l thre 6t6 tilt- pssibh 

197 7. resircttit'.lv. as .1 "throughlolt nt'ivi dolibh, t 6it31 tlteig .lit ienc'. aid ias(it .1 

(13 X 7.71 I.1 D100. respcti '.'I t tl Iacltor3 devia101l ail x 72 I. i.I%. .11 n sutga l'% .isabout 

A% v'cI. it'd ti d'r 'MI'tltllds. salliple Il",%.11 ili etl'.31ti'%, in thc' l)rlmo 5 4)l 

setga celehr tI)l'il'lmixi.631 % ehiltc l' tl'cl6dIfloi 1 l13 " .34lhlitin 1i liiorler tl rc('hc'tk 

1666% .t1111 (.il stoi'. . tite elitdhl Il.31 .161 miid tit 1I hi'ir %'-ttni.5 
%%tvl tvttlt' hl letiilol tollitt'lit h)\ tilt- s'inli 

qu.lntit ,.ti,i" r t llurt • ds',tlibed ill Al3. 

le.li\ :1 I i,les 7 .ndcl 8 .4ite .l .itac)coln ill .Samll' Succo',m 
tilt' 16.suit% It 13l1 lie t'en ill I atlt- 7 that ill 

til' 12 t ommuit's te'Itsel d is lthc I li' hs' mtlhoI and l)roteclures usedrt III ts. 
.tod %,il)h'. tIll'- )rpttill of fortifited in s'h'c-ting ttgl amleIt' for tilt- dietarv. 

S1L1.31 %1'tilt'ins varit'd frotit 61 to 81 )'r Iiolt'h ical . andh (-lin ic -ithropomt'itric 

itl in ht%'h6l slc mc'tinlt'1s atill from 62 it) %tii es. a% dtlwtri i'td itiI lprtIviou secti)n. 

77) p' t'it ill retail sto I r tie %' . lt'%1r itl '1(1lhtw 1 lte sptnl.visioltsti r't- tloun'd 
perils c.atril' 3 .iit'r tilt initiattion of 3l tIh. l)rl)j'ct statistician. 

hlr i 11).1 thv ('gr''tilt- Ii tic, n li, m. lch' saIInldl's Fi6 l lic dietar% survct" oIf stc. 

Obhtlit'ildI lit :\u 1gust 19,77 141 ('I l- nal sample iarl1 Septemlier II (l. ht"i )igi was , 

111m ti t'-1 .2Ihditmil)ltal conllltLtIIIti% twoc it e.ssentiall'v tiltsmallh' I1011 tet'n effect. all 
lie" lth.3l dil gave l'5.Vl i lll l.3mnili('s in tic1- Iti~i1u 1;tc's %('ht't'1I w'rcan ill 1Ii.tI till) s) 

tlt-i s.int. terage r'sults. is shown ill TIbhl %isited ,tid itvestigated. as detailed ill 

8. I liest dtaI. t ol'lcted .t tilt- vill age h'vc'l l.3111 9.9This vc'rv high coverage is unid'r 

agr t'6' u'ith tilt- lri<rt ill otilt' total suga3t stalndallic if ote consicd'rs that lIte dietarv 

http:resircttit'.lv
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"'Iahl" 5. %ulXwniion and tontrll of the fonification o %uxar with vitamin A,
 
'
 (uatema .I975 1976. 

"'Ingcnio" 
 Sugar production (in g-4f6 k sacks) Premix (25 _ Fortification
 ... ..... . . ... . .. rat iO"
.. . .... ....... 
(Sugar factory) Fortified x Non-fortified Z Tot.l IkI ivered ted Left-over 

El Bail 57,499 38 92,900 62 150. 399 
 115 11' 0 500
 

Madre Tierra 299,886 100 - 0 299.886 208 0 . 1,42)
 

San Diego 193,703 96 7,581 4 201.286 360 160 538
 

Concepci6n 450,022 82 96,838 18 546,860 599 599 0 751
 

Pantale6n 259,335 53 2)2,000 47 491,335 472 472 
 0 549
 
La Vni6n-

Los Tarros 450,520 65 239,433 35 689,953 0
775 775 
 583
 

Tululf 29,892 41 42,435 59 72,127 i5 55 0 543
 

Palo Gordo 492,867 83 98,894 17 591,761 9"8 928 0 531
 
El Salto 430,104 84 79,454 I# 509,j5ti 694 694 0 620
 

Santa Ana 440,054 78 12 1.674 22 563,728 729 729 
 0 604
 

Santa Teresa 28,000 39 44,445 61 72,445 50 (O0 56O
 

La Sonrisa 5,435 30 12.6O5 70 0, 10 
 0 543
 

Total 3,137,317 75 1,070,261 25 4,20;,578 .,995 4,995 
 h28
 

'Fort ifitation ratio - number of 46k _.c.ks.( Iq) of fort ifIed sut.ar 

ntmber of 25 kv .ks ot prv-nix 



"Ingenio" 
(Sugar factor) 

E! Balml 

Kidrt Titirri 

,.,tn Il.o 

(:on tpt itll 

P. 	 t .II t,t, 

I.a 	 Vnitln 

,
i. "l.irr-

TuIIt 1.1 

P.Ilo G',rdo 

1:A g.Ilt, 

S.it.t Ana 

Snnt., 

.rt.it., r-5. 

Table 6. Supierviskon and ',ntl of"the fonification of %uKarwith vitzmin A.
 
(;uatermala. 1976-1977.
 

4Suga1r production (in -ir -4h kg s.ack,s) Premix (25 k. sacks,) 

ort jif itvd Non- for t iI i-eoi k. I i vrt-d I.t-d [t t-over 

157,92" 87 	 I 3,66'o22,715 M() 127 105 22 


127,4 
 t 21,85 1)1 ,,9 4.,10 4.9 0 
147,.424 69 t5, 1711 II .'1",',4.'. 286, 286 O 
4I .120 21 ,57 12 6M4, . Ilh) o0 U106J 

-'H.!. 4 , )() H ,8(I1;t2-(1 1,9 1( S)70 ,8H 870 0 

,59S I I 1 18,6M5 'i9q 55,27 75 29 40 
.91,ll,(,696 93916 4.. 7'.2 ll1000 884 1131 


14, W41((1 57 ."5, ;"7 - . j ,w . 60 38 22 


79,9h6 4 7 338
I.1.(1 1 1 1 1,4 944 11 I153 15 

0 0 1 1. .,5 1 1(10 0 30(0 

6.). 000 96 IsHt, I 1, 4 59O 1170 951 214 

5,43 75o shc~. 	 S*4 Ho I(1I3 I31s 135 0 

;, 7 I . ,474 S (,881 1,80 	 54094 	 , 13401 

ltl r .6 kpt II n:..'l" * 

Fart i f i cat ion 

r.1LIQlI 

518 

518 

535 

.41 

711 

572 

563 

908 

503 

-

652 

443j 

57. 



Etaluati. f I 

Table 7. Sugar specimem with %itaminA collected in the 12 
rural communities of the study sample. 

Number and percent of sugar specimens 
Survey periods In hou.,eholds In retail stores 

n e,_P. (.Pos.}) n Neg Po5. ( Pos.) 

Apr-.Uv 19:h 220 8h I 14 (6P1 44 13 31 (70)
 

Oct-Nov 197h 252 8 1f9 (67) 73 28 45 (62)
 

Apr-M.v 1'D477 247" 77 170 (69) 87 24 63 (72) 

0,-t-:ov 19 77 288 5.: 21. (81) 91 23 68 (75) 

Tit.i I 1007 100 707 (70) 295 88 207 (70) 

Table 8. Sugar specimen% with vitamin A collected in the 12 rural communities 
with less than 50(! inhabitants. Guatemah. August September !477. 

. , tnt 

In h-1- , In ret. I ,, . 

.rivb,in 'rv .'! -.u.:.ir -. : 

Cerro (Crandv.. H; fiarrv..: .' ! l' )2 )) (,) 

L.I E.Sp'r.mn.: i. I h,.tr1 n - 11 , (201 4) 8 1 (II) 

I.-, Tib ,nt-, .,;w ,tian l 1 12 (1 I 1 (75) 

I . ;' ,. I If 1,r,i 2. II 9 (4.0) 5 1 . (80) 

L..I . -,,[';.*, - I') i. i'9')1 i, 0 5 (100)n.' 1t, , 2 

S.u-' vo.., .,. 3 I .24 (96 ) fi I 5) (1)1 

, r4.l. " I II . 

Tralpt, I, . ,.;.',rr., 22 0 22 (WO) t (i ( 100) 
Chzcw'hi,) l' U.lm I.. 8 6) (a I1 7 I *h (86h) 

v ~ . , p ;uit.i 2 (i7) 2 2 (5(1) 

I.a Ct '.i.,,Al ;.ititv 2 • 2 1 (85) 7 I (81 

Ht'liura, Sm,t Fn , I; ( I. I I (h-)1lt, , II 2 

TO TAL, 298 IWO I.9 ((15) 66 20 4n (70) 

http:E.Sp'r.mn


?? hrlifitaimtn gotsugar u th aitamin .4 

Table 9. Degree of co~orrago accomplished for the selected sample and ntumber of 
sornun and breast milk specimens examined. 

Famsilies in sale %o. serumnspecimens frost: loo. stilk specimens from: 
Surve period _RSiSteredT Attended Sample Other Sanple Other Toa 

ant dietfry Clin. Exam. Children Children Total :lue Wo Tota 

Oct-Sow 1WS 358 2163 .01 148t S..9 121 1621 283 

Apr-Mav 147b 3 ) .69 367 219 586 108 312 

oo:t-oy 197b 360 2153 377 268 6.o5 89 14S 127 

Apr-a 147 7 360 2.8 358 )16 b 14 80 2109 2189 

-%oy 1977 W0 197 ?:,. 74. 180 25.35; 32 


TOTAL I~:42t 1s.; I1348 3175 472 903 1375 

All ftan lies registered uorv intervislord by the Dietary Teamn. 

(it(- (%Ih 

Ill( famiil ~(fill 0 I li~ to j''.1ietnd .3ceral I Ill jon'i ,1 II UIIlhe of fani iltie who attenditd 

sur~vv 1314ct it) (Ill(-tie o IJlv iti (hhint .1a u 3111 jailol irfl onItM.3 V0o11i1 

111t 'ilatvg% defiuiecl ftil h l)to( hlenital 1,11% h1.s %ilho114ul perStaiiing to) Shv mai.n 

.14 llli anthiii l~1ei t in~vS~gJtltll% sviid. tt %t1I)ht aiitiIiiic. 

%%as%dif fit enS III til j.e.,t hadl hee .si .1lo of feel oil .1 fooltiiSt.1r bisj. .1 

dcIIhbldit 1itri \1edmitolog%. 1 '.iipIji of Ill o)10f1 prem~ 111)3 aigc 

i %iii i e hillr%. %%[litl[I lflt.in t1h.t Allti ie%t Iig phreiilliiloli wa IIr 

titlill hoin Shelf 

cii 4u .31(10' n l Ill pur Soft hall to boleit So (1liidici iot . a l.ipl of 1111k it tilt-% %we!e 

dwh t 13111*3I 1,\. fl~illi.310)loll *flt .ianid Li.11ioLg% sollicil oiir I)T1o1 I lit- iitiiili pjlIc%(ooI 

tilt-opl,t hoo)f ( hildreil %%h()hadt pmc iooIl t loldiel tlill th ilt- g %WIll, %(-I(- exami 

lf-terI s i f d .il I Igrc i eIC- It U 1Ind Ill th11% Mthl -1i Il loI ll'' CI(.~.ZOI N .1%-IIIP lii lt(1% A-

roIillh'er l .Ims1%ii~ii of No( I'll n11ilfe %I-elI ihe1IIIl11h~e1 of mill, mSIeIvI% tolI'l dtv 

like c\4 %%m. o)I tilt- imrilie .athoine of t [(.(I IiIju 01ig Shltrk lajtllf d~il'.lU~~e 

iqfr'.I jle~lllli hidre fil~l .3 s.Illh .rit .114) i'.n1 Ill I .J'de0:0-

t11ic I11 l t he 131111tal will11 hs.3' *0 *l\j311ineidi .31%a 5 t of (hv tijitil 113.11 vj 

pns'lI .31 Ilit .%i1 a I 111, 1.1(1 tfe~qi jiti1ret L:Y1111jp it-p'J i3'e tilt- ame1 o.r13 a3 ett.it 


that11.1 all tatfililice pll'' IlI% nxrs froinl thu (lieS %%il) ta111W 11131114 ill a1 %oI 

ItnglielIlli pat.11111 j.114-d III till (-\.1111111.11ii0li tIia%1'. hsl Ill 111111 ito derilie that. a 

I Ihu .311 113-( I I t Il 3 l tll- 11111111 Ii Ili([5. Ste11l un .hu pi i l % tIII .3 ) (ff).13%%,l1j ' 

l.1'.31leIli I .ihl It li,I. Ii~li1~~(~l ll.1 ulolle I lietill Ilolv rc'ferllaig So .31tilt% 

1o1.11 thc 1 113'lll- 4AI f 111 hildll.3' ll 1lt livi tha1st tell ,itii no d 
1ol th.I 1' gfe tvlUf.n 

.311 li llig I lit- a~inphl I 111 IiIa iv%%.(itk I 331.31 1 i the .11Il.31. re.t dliiIi I ll %alislit to1 1i 

vl v11 lt. ij(' 3411131131 4 rl it ilt .i l 1)1-% ll(lt ) till (hiM I 1 ll.Io11g 1 I I ll t Se.11llolls 

http:fooltiiSt.1r


Evaluation .13 

poxIoled and studied as only one group. with the data of the following three-month 
For the study of liver reserves. a total of period. Th number 'f cases distributed by

770 autopsy specimens were obtained ith consecutive time-periods appear in 
throughout the evaluation period. The Tale 13 and in the corresponding tables 
number of samples collected permitted to and figures in the section on "Re.ults." It 
group them by trimester periods, beginning can be seen in Table 13 that the distribution 
October 1975. that is. before the beginning of the cases by age.groups was rather even. 
of the fortification. Due to administrative with the exception of the 20-24 and 25,29 
anomalies. the collection of samples was cars of age that provided the highest 
very scanty duringAprilJ une1977 (only 10 numbers. 
cases), anti it was decided to merge them 

Table 10. Comparison between serum mitnol data of the preschool children for the 
"sample" and "out-of sample" cases. 

Percent of cases by caeltories of serum retinol levels 
?4o. in utO/100 I "0u1" 

<10 10-19 20-29 )0-39 _&O 

Sample children 1812 1.0 10.6 31.2 38.2 19.0 
2.1k tX..) 

Out-of-sanple 1149 1.2 11.0 32.2 17.3 18.) 

The am test was applied to each survey period separately. All cmparisons showed that the sample
did not difler sLauisaically from the out-ot-sal e group. 

Table II. Comparison between brastl'aiilk retinol data for the "sample" and -out-of.sample" cases. 

-C to3 20.2j 0.. 40..0 ',O04) 64-i4 10.9q WM 90.q) %t00 

i.,IV. - . f.4 1'., 71.7 16.1 1,.9 a.I &.0 2.5 2.3 3.) 3M2 

qt-aes7 i~.9 37.9S Zi..h I ? .. I Li 4.1 i.0 :.9s 1.6 I,? 4.& 

to. each sGatwy1 .elet..t q ti|d i erod s" tely. All coqe. Shd that the emple did nt differ aipafiasly
the Ot-OI-samle slee1. 

Table 12. Comparison between biochemical data for the "sample" and out.of.sample" cases. 

d+nr+l
5r~et 1an_. ~l(+Iti .... ,(I-r1eT.ta3nol+1 (uliX1l) sl ) 

Out - -sa"Ple I 1.II. . 9 S .12I W.(X.. 3,.5 

The sae "t-test" ws applied to each survey period. All comparisons shoved that the sample did not,,differ significantly from the aut-of-sa ple group. except for breast-ailk of survey No. 3 (Oct-Nov 191n)
which gave a difference aignilicnt at the S% level. 
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Ikicari- Stuutb itII Eit.i pa'. r I rvs'p( I entirg.with t) 

.11111w(i 11(1 i% as%%h)(wn1 ill I .111t 1 I. %411e14 

1l)4 C -)1 Iu I t -m lt (I l %co.~4 ,II ))t11I I4(114 I61 ll of c11 1.1 i4'i j iI 'TAthl% IhI i tI [le t (I 

%%MIIIl)pII.(slu( .1114 (1141v.114 of oll ITT-% -'.1Io,141 .4' Itl I).ItivT 111l- gi%.vI I(I 11 pt-tio . 

h viII()-I1That m rIts 1(4 I. 11'\o tO 'it, 5.de sntllketo I('11114)l (14)11 cge' .I.Ikt 

I oll. 41ll(. lil k 4ofIcl141 ''tno'.. c111.11( 1(41(4 I '%1(ofto hit.X it Tit' 1 q 1441111 (%IITIi1.k 4 1i4 

ItlthI 1 11 11 'L 1 .lil 1i i(d A4 ot i d11.11 1. I ) ) 1)'I11' lil it 41)11) rcj m (L Tr 

51411* ()I)'114C Sil O i ((1i1)1% j)1 4 'lo Th1r('I %(-I tIligh.11. I.,:u ated plodm'i 1)' l % 1er 

PonIt Cfll fI4 fl tIII d 14cr% I (I1.kcIIm ltahuI(I o ItilIIIhdwu)(- IolTof )r~ ij m 1n Ainac. et.1 i 

I ' 1 : Ii) .1 I 1 d I b%nu d Ii l It i c 11 it.(1 7e c I Il% i e Ih 

.11%41A l lt k fI ctl 1 (ll l,. I 'l IJTha c c .141 -t t u "I v 0 I )i m 

Ic%%.t'cI i c \ TT-I lI lo l. f11il fil- po u aion tud e 4) le i- e bv 

Ilf fil lll11 l (.4 pco ill tOlilI WtO 1 2l 

t 1 , 4 ( it I Tile h4t.111(. (o lIIIIl I C \hiS i--i . I 1 v i Ii- )I I 

%C'ou ic il Thi I\ pc o p pu ain 1 T m im IAp it 17ftilo Ih I~g )to l 

a& 0 0 0 0 0 1 (0 

.9l 9 419 6j95 d I . 

V.:., . 0) 0) 4) 1 0 i' 

I (4 I ii I 2 I0 



Co un r y 

El Barreal 

S.int.i Mrtra 

San Juan 

El .11camr, 

Bue.n Vista 

San Hf.el 

Saiqu i taca 

L.s I.htbrtad 

(:bul(-) 

Sain Carl .s 

C;1i.bon,"Ito 

S.int.i F 

't.je'"iit'd .verAv.s 

iablr 15. 

Sugi't-. r 

37 

51 

31 

45 

21 

14 

24 

73 

7 

30 

22 

56 

35 

(,munlptiurn 

V 71 t v-'. 1 Ia. S 

-

10 

4 

10 

17 

8 

I 

13 

I 

-

-

5 

od white =nd raw war ("pancbA") in tiw 
1975 1977 (in gram%Iwr dav). 

-
iv _7!6, O -. 

, 
yaI r" - . . l.i.1*r-" I '. 

.5 

47 - 4,6 

l0 7 68 I 

39 7 ,8 4 

19 5 32 4 

28 6 27 9 

32 3 37 3 

40 9 51 2 

29 19 41 6 

43 2 42 

19 - 19 

32 - 47 

34 5 43 1 

rural arra of (uatemala. 

Ajwr-,M.i% _;Sov.ar I'.gn,1 

.14 


37 I 


48 6 


1 3 

24 14 

33 4. 

17 9 


57 2 


49 17 


50 4 

21 

52 

"2 5 

ii, t-%,)VSLIg.ir 77z
'.1elt 

4 

53 

47 14 

55 I1 

31 14 

42 3 

21 10 

49 3 

37 1 

40 I 

30 

71 

45 6 
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ber-November 1977) are analyzed. tie 
marked 'ffect of the introduction of the 

lit,%% sOti, Cv of ret(itl (fortified sugar) cat 

cleari he obsersed. Sugar becones hv atid 
lal e maini contributor togt-h ihe pr'fhormed 
tivtiol onlent of the diet. reaching per 

elit (0111ribution figures higher thall at I 
Iood oilr('s togethr. lIelfo td intrdluc 

tin ofl t1ti lie'd sugar. B'ause of the 
lttilitatioo Itogi. 11,. sugar has Ictomnt. a 
fool ,outie of tettiol equis alhnis. thrt-
lot'e. it ss.ti iI to estljfl).t its t( sl tiif)-

lioll h1%the popu latioll. Table I') sutimitmr 

i/vs tit-se data for each of tiltlife surv 

ptliods\ Wihin ilt limits of e'lror of the 

dit,tll% lirld sludies as tollducteld. the data 
.1rV it:snlet'd tather (ollsisterit. althoug 

.111 ApIl).it t'tls. siddtn increase is ohvservtl 
litgiointtig at the ,)tlood %1r.' '. of 19711. 1%s 

th'at polt.% Iredhletetitec e'fforts we're 
iiidc" to atoidt dlt% t5llr io lofrotlotlill or 
%tillitilti tlot greatvt (otisUtiptioti of sugar 
.1ltet this food itetcm het aie fortified. 
I l-'rtiot liet illttased (onsumllitilo 
sets d ttlllilplill(. The specificr Ivtlaill, 

.,srlJL V iiti. e of su(igar lor the I -av.eat od1l 
tiildt'I it idit it l age.groil 1) for the 

es.1ilc(atill) Iis gieti iti Tahbl l6. shlowilig 

ihatI ies il%015s1tiid about 77 per t ent of Iht. 
l.lllil a ig- tlributtig ViO .i g of 

tetinol equivalents per child per day. The 
it-stilts art- very similar to those of previous 
slutdie% carried out iii rural Guatemala in 

19'5 125). 

(Of (enlral tehvance to tit inter)retation 

Of It(e .'aluation data is the estimated 
ilt ef vitami i at the level of the 
Ilxiulatiol; studied. Table 17 prt..nts tite 
.as'ltage per capita daily intake of rttinol 

rqui ahvnts founid at rath surve'v lX'riol. 
Aler he prfo tification survc'v (baselinte). 

t cs iriltitioll of has beenliet" t fortified sugar 

..ttde It is (midvnt that sugar as a new 
source of sitamin A tripled the retinol 
equivalents provideid h, the natural food 
sourcevs. 

liI It tomparison of thee intake figures 
%%it I , i t ommetlded .,Ilowances (2) 
.,diusted tot age. swx. and lihsiologit state 

ofl lilt- nielt-ilwrs .wgivsrise vstie to tilte 
tiai1" of dictequa of Ittake at the laimilv 
[lesrl. ih.it is. thw exteit to which each 

failllil utlit surveed was satisfitg its 5litd 

iltti A I(ts. I able IS summarit'es ilte 
disttiblutioti of tilit fatmilies liv categories of 
tIdequac 5. Ihe iotoriots an l highly signi 

1l alilt effett of the fortification (li , 

11111. critical .allut for P. 0.1(11 - I .17) 
essntially i. erst- the distribautton. While 
S38;pet c'lit of the famiiie% had retillol 

Table 16. Comumption of sugar prrchild per das 
in the rural area of (uatemala. 1977. 

Vr . , t-

Av r t.:., i 3*, 

Totali.l" o .-a i c) 

;:uI n- - I! I 

totil n,--ber ot crilcren: 3cc.in a,h pttri0j.
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Table 17. Dail. per capita intake of wrtinol equivalents'. Guatemala. 1975.1977. 

Survey Period 

Oct-1.1221 
(B.as. I ) 

Apr-av 19 h 

Y"t-Nov 197Th 

Apr-M a 197, 

0). t-'4v 1917 

FaOf- njturaI 
For. natural 
lood surce,. 

1"8 

98 

251 

182 

Fag'!.'forti. at'J 
F.o, forw.,r 

sugar

0 

31h 

425 

419 

4.5 

To t.al 

221 

514 

th2) 

bO 

627 

~1In /is: 

2At a calculated level of fortification - 10ug retinol/g sugar 

Table 18. Distribution of families hy percent adequacy of itamin A intake, 
(;uatemala. 1975 1977. 

PART A. Sugar withut vit. Ln A 

..... .. ....... .. ........... .... . . . ... .. ~ Survey perto,.] o ot f.silltv' Lew It' I|dtquak~V 4, : V 4t--soIn n JI tt 

.'.t~~~rve',e.!-.... . .. wr,:.ent ortdyequ, j. . 

- 9'*r7cnC,I ?.5 i'- . .mt . |1v 

*ik. t41!' 23No 
(b 1 1.a 

.. 

,' -,.) 

Apr-~a 
t-%.'. l'." 35., 

5-

3 
S 

' 

2 
24 

10 

I;4 
14 

~ 
4 

I.i 
5 a, 

PAN' b. Skiv Ia With Vt.a-tin 

A;,r-.-,v u,,, 'a M3 15 11 i9 

A 

, 
3-
'.;: 

'f 
15, S 

I) 
9 

15 
15 

1 
II 

51 
S 
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i915 1916 1976 1911 1911 

01kt o. AjI %,AV Oct N'o. At,, Vsv 0CI No. 

SIIIjV V Pt HIOt) 

1.- ,7,11 14 

F"Curv . Changes in the -0th jwrentil of intakr of rrtinol equivalents 
without and with (he contribution of fortified sugar. 

intakl-m lowe(-r than 50)ptent .adequiulact 1i" .ht% li tjilpi ach t ilit im'rlpretation of the 
lot(- tilt" fortifit-,1ion btgan ((October 'No it: I fha,,t, he cen gitl. 
ttl1i11er I'117.). 83 per tvnt of them readl.d I .ilhh H lprem't, "the hatigt in tht di
.ithltltitvs o 50 pi ( iit or higher IntOto rilitition of rttinol valure in taItgorie of 
htr Not pher 11977 1%1 re'mtlt of tl," lorliffI .iheqzllth . :A t w ill the perteitage of 
cation progr am I hie progresion of tht 50th ( hildlri %%ith taluts lower tha:i I0 jg 100 
percentile ad(hlquac- %ilut. illustrated in ml ("deficienit") was a 1'rxtvd. This trt'nd 
Figure 3. further d(uments tii im)rotve. i mor cl a.rt showtn I Figutrv I. Tht pro. 
ment in tht %itarmi-n A dit-tart %ituatioiof flKllioln of .. if1)h-% be-tweenI 10 and 11) 
thre liopulatiol studiel. mg 1Jllml("lot+").I ako.)( Ivatltetd. although 

the lo%%t'5t li.tzl" %%.I%o)t.tiie(d ill (tob -
Notemhetr I1976. (:ontiderinIg together thi 

Bichrnmical Results %t*i ebell.t, 20.g 11l1 il. tie 21 .71pi. t tm 
o, tit. t l it-' flort" thiel .rogr.in%%.tn 

Blood jevr i1 l ret'taol It has rteiousl r itti( 't' to 11.2 per tollti alt t (o vea of 
blin explained11 in this report that th blood 111161( .tio)l. 

t'rum tetinol fonentration of rural chil Ht. t hi.1nge ill (lit i ibution if tile .ltie, 
then of ptlthotl age1 -S tear wastdefintd detIilbd .It(e highlt Siglifitallt ((:hi 

alJmli o i tidticat(or for the e%aluation of the I 165 . I' •0 011). %htI comparig tlilev 
nutritiona.l effectt (If thte program of fortili h,.:teli llistrilltltilll 4()ttoht Notvemlber 
cttion. lihe rat'ints for this decision at%,c I l I7:,)) lpeilital It with tht thild stmrt'v 
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Table 19. Bood serum mtnol kcvhb in preschoolchildrn, Guatemala, 1975-1977. 

qO. Percent of cAses by a.t¢/rs~~t.ru rrtox~~ e_ . 

Survey petioAd Css 'IO YO-19 
sfLs? 

.0-24 4130 

_ _ _ _ _n (n ( ) - -t ) I _ (0 ,) 

M.Apr"J. (0.9) 019 (10.2) IJA $.0) .I0 (i.,)
' 

" - P.I 7:1 .' (0 ., b. l3*( .. 214 ) C(1*.31 t" i'. *, 

FLgures in parentheses = percent of cases 

30

0 0 

}'° 102 

1c,43) 5 51t 16441 16761 (72131 

1915 1916 1916 1917 1911
 
Oct No. ay ct Nov An Mt Oct Noy 

SURVE Y PCERIOD 

m pI'mure$panthei.-S holJ number of cases ha 79 19 

eint of chikirn with -deficient"l1gurr 4. lksraw in 1 we1s serum reinol k-%wh. 



I Fzlaluagi,. 

(October-No ember 1976) a highly signif .( irve olbi )tI s abnormal, as it itowed 
icant diffi.re'n-e, was againt ohtaitned ,Ch i- two I<'aks. Ihe higl'r Il<ak tot (he let 
- 111.72: P • 0.)) ). D-spite a tendenc tt izlir.itted ilt e.xistene i.1 a (listinguish able 
the distrihutio of duLK th (. %i) gioil pvaluLies ring ih f ilhildri.u -with a morer inaclK. 
,trit.' i()totb(.r Noliner 1977) it rc.gr.., quit.. itatni A: nutritionlal status Or. ill 
NOITttt.ht. i. h ghlk sigiitant ditferr'nt. otth'r %Olds..inrr suln sector of the(,irabi 

%siththel irttlcrtificationr attir', ts ,,till itmlatiotn .lei' tnl' i . loItth, of (ttoi 

,sht i1:Ithi 2 1W.23: i ) 0. 0011. fitatin. ite. ohb ious ilipaitt of tilt higher 
It %I-,i ontsi tiretd inportant to e. amitie. Iltake ol roftinol i, shownii In till discriliu 

till- distribtion data o iti' is idiltl tt otl.ined (ifill till second sursv(fr irt 
it(tmlnitie-. asgise(. in lablt(l20 It can i l1. 1) 0 .71) Ihle (-p.akrprese.thing ti" sui 

noted that. rc'gardlt-s of the initial per ttent gr jttli il tilt lowest st'ruiK retinol %1alut.s 
I thilud n it tit '(J'fit iett' tategor i, ,isppeit ing. renliigo Isl a humpori 
* II) p g ligt) ml. .t 1 the otlu nilies till lett hlxi otll itcurve. B ()ctober No, 

e'xte)t t +sih.d ito cast', in this "'itient %vit'tii 1t171) two s(.u% significatnt ejii(l(.ti . 

,v hb%(t)K(tIi No0 httr 19177. ien in itli . h ( rred aoIv distri
these two tommunitiirs. a muarked imprit+e btion c urt( had Ieent shifted to tit(| right 
roetniK tould he oilmsrst c il.a L.ilertad 3.3 to P 0.001): .nd. I) the shall( of Kite cure 

I I x-r (nt. (:ubul oIt1 3 tI 1.3 iie tent) had becot. eseti ial I nor tial. As t he 
Reg.rdiitg ihe er LIKrt ti ttol %al t's bet c . 1Kitl at I ttilltd ring ntt'v,cn ' I ((otti d 197;. 

il .1nfillI ip g 1)0 tnt low . Ii of t til)ti ultt.s thI" ti.ndt'titd c to r'gr(ss that %%asal 
1t,,lKtirs shotd . de( re: (. although to '.iildjitt ted (t. it' Li curve for ill- fourth 

%.I In . dg't es. ()t( contltulrtits (Saqi str u'v (.pril-.ia 1977) do's nott difter sig. 
t.- ) Ileat iltli not fr 

till, hi thinit i ndicatotr Atther tsi No tb'ntiter 1977). iiftwes% Its last sur

itntros C as ju(gtd its ititl Is ritt Ktiro oi( ttn('ebe K(October 

b'r h( 
(t-it ,.t is that th'r e is a gene.ral tcnd.tt %t-% (' ctoltc.i Notember 1977). nt. cant s4'c. 
I.lih(t r esutKs corresptonditnlg to ()ttdt ill c% tior it ll cut ri'ito it.(itn, some. 
\it romb.er 1197t t )lft. itetter that for 177 A %vit aibnirmal again %%itil I slight humpI ot 
lossiilh. (.\ic]analtii fttr this tt(.det-t1 Ki tilt. I'ftitslote. timats . howvtsr. there is 
ict .%, % ill he dist .,,sed late.r still a i.ghl siit ititatt diff'ri'ttc itween 

Thet' Inte'rnatiotnal itaini A Consulta- tilt. pirtfortiication ait.mt distributiott 
ive GroupI VA:CG ) Ii its Guide'inesI/r cur%' of re'titol sc'rui ,alLit's atd that oh. 

the Fradicaton oJ itanin .4 DeclJaetinc' tained at it"- last surs+'+ (Chi-'- 47.04: 
and Xerophthalnia I 1b) has rectmmended P. 01.001). 
that: 'For the purist' (tf prograti es alua- In spil ittf tiil ross.,tctiottal dh-sign Lsit[ 
tiOnt it is ine )rtat totlok at potulation iti tilK stud, . due to thc. small size otf the 
distributioi. cur( - fril .erumt iiamn A tt)lIK1t tit-t ", 

LurscvcI itai chilre'n were 
salut's." .h:s sp'.(ifit rt( clltnilftlat ioil has t.,adtIl samhled, intre than strve..onec 
bct'n piplit'd tK ilt data rt ti pr(.,'t K Ilis Ilas, proidll tit' pportunit to 

i,ttll , atnd th( re-ults arc' itr(sntti'tl itt est uattllKtc'impact of lhi( fortication on a 
Figuatri's 5 atll 6. Thes.' distribution cur's l.nitut inal basis in terms o)f changes in 
mak(. v'ident with holtitts (-arit tite %-r, sc'rLil r' t.ticl in till same t'child. The al)
impotant halt gc's wihich occurreid in the itrch tiLsil %%as as follows: comparisons 

group I ruralt hilreH dcurin t(h two mate b tenwc'rc' dc' c'tw cotseutiv(' surveys of 
Vears tf sugar fortificatiott. Iit Octih'r.No- th( s'rum retitul leve'ls of tie children who 
%c'mhc'r 197:. that is. just beforc' the had a pair of consttcutive retinol determina. 

a.tiotal program started. tue distribution tions such as survey I versus survey II. 

http:Octih'r.No
http:pril-.ia
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Table 20. Blood 

Co.-unitv and 
sISr,.'ev pVr xd 

El Barreal:
 

Oct-%ov 7 

(basal) 

Apr-way 76 

Oct-Nov 7 


Apr-Ity .7 

Oct-Nov 7' 


Santa .Xaria : 

Oct-Nov 75 


Apr-Mav 7r, 


Oct-N,,v 76 


Apr-.Mav 77 

Oct-?4 77 


San Ju~an:
 

Oct-.Nv 75 


Apr-Mav 7h 
Oct-Nov ;h 

Apr-.'. 7 
Ot-Nov "7 

El Jfcaro: 

Oct-Nov ;5 


Apr-way 76 

Oct-Nov 76 


Apr-May 77 

Oct-ov 77 


wrum 

51 


58 

h9 


71 

72 


-5 

59 

71 


72 

98 


51 


37 

13 


29 

56 


40 


58 

56 


69 

55 


wrtinol keitk in pmschool children for each of the communitsi,
 
(uatemala. 1975 1977.
 

Percent of cases by categories of serum retinol level 
(Pg/l0O ,M!) 

(10 10-.19 20-:9 ),30
 

0.0 29.4 35.3 35.3
 

0.0 17.2 22.4 60.4 
0.0 10.1 33.3 53.6
 

0.0 2.8 11.3 83.1
 
0.0 5.6 30.6 63.9 

8.9 20.0 42.2 28.8
 

0.0 16.9 47.5 33.9
 

0.0 14.1 31.0 54.9
 

1.. 15.3 43.1 38.9
 
0.0 7.1 45.9 46.9
 

2.0 23.5 27.5 47.1
 

0.0 8.1 43.2 .8.6
 

0.0 0.0 21.2 78.8
 

0.0 0.0 20.7 79.3
 

0.0 16.1 30.4 53.5
 

5.2 15.0 45.0 15.0
 

1.7 22.4 50.0 25.9
 
0.0 0.0 21.. 78.h 

0.0 2.9 20.3 76.8
 

0.0 10.9 54.5 34.6
 



3 Eimuaton 

Table 20. Bood erwun minol leveb in preschool childwn for each of the communkif. 
Guatemala. 1975-1977 (contitsd). 

Co-iunitv and Percent of cases by categories of serum retinol level
 
sizrey perzod ( m8lJ)<10 10-19 20-29 X30
 

Buena Vista:
 

oct-%ov 75 39 5.1 10.3 38.5 46.1 

Apr-Hay 76 35 5.7 20.0 45.7 28.6 
Oct-Sov 76 0.037 0.0 24.3 75.7
 

Apr-.Lav 77 0.0
64 20.3 21.9 57.8 
oct-Nov 77 73 0.0 2.7 28.8 68.5 

San kafael1 

Oc t-.v 75 48 6.3 8.3 16.7 68.7 

Apr-f.., 76 0.030 10.0 43.3 46.7 
o,-t-:.v 76 26 3.8 0.0 11.5 84.7
 
.Apr-. av 
 77 33 0.0 6.1 18.2 75.7
 

O-t-Nov 77 18 0.0 5.4 33.3 61.1 

sjaguttaca9 J:
 

(4 t-!-Nov. 75 22 0.0 
 9.1 36.4 54.5
 

Apr-I.Ay 7t 54 1.9 
 18.5 25.9 53.7 
Oct-N 7v 1.566 4.5 24.2 69.8 

Apr-..av 77 48 ".2 18.8 31.3 45.7
Oct-Nov ; 18 0.0 11.1 50.0 38.9 

La I.htberc :
 

O,-t-Nov 75 3.3
30 23.3 13.3 60.1 

Apr-M.!v 76 47 0.0 10.6 36.2 53.2 
Oc t-Nov 7h 4 0.0 41.5 25.0 70.5 

Apr-.av 7; 46 2.2 6.5 28.3 63.0
 
Oct-;-v 77 
 72 1.4 2.8 29.2 66.8 

http:Apr-I.Ay
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Table 20. Blood serum retinol ln'eh in preschool children for each of the commuities.
 
Guatemala. 1975 1977 Ivonlinm ).
 

C,'munItv .It P rcnt __! c.ics by categoaries oferum rtirnol level 

pe'r (|ag/lO 

,- N 10-19


,, yL. i.,! 100 l) 
20-29 >30 

Cubulco : 

17.0 

Apr-'Lv 76 45 0.0 8.9 35.6 55.6 
Oct - . v 7t 62 0.0 3.2 29.0 67.8 

Apr-!Liv 77 5. 1.9 11.1 13.1 5).7 
Oct -. 'v ; 7t 1. 3 15.8 46.1 36.9 

oct-N.v 75 46 4.1 2b.1 12.6h 

Sain C.ir ls : 

0,t-!*w 15 59 1.7 22.0 40.7 35.6 

Apr -Liv 7t) 51 1.9 7.8 25.5 621.8 
Ocr-',,v 76 48 0.0 2.1 16.7 81.1 

0.0 1.9 17.1 80.7Apr-.v. 52 
o t Nov 7 .- .. 0.0 11.4 36.4 52.2 

C, .t0,.nr it.': 

11,Et-+;v 75 S5 .. 22.2 44., 28.9 

Apr- t. 7h hO 0.0 8.3 36.7 55.0 
Oc6t -!;.IV ;h 9 0.0 7.2 29.C 63.8 

Apr-.Liv 72 1.4 18.1 47.2 31.4 
, t -- v 7 75 0.0 14.7 10.7 54.7 

Santa.; Fe: 

Oct-!;,Nv 75 71 0.0 8.2 15.6 5h.1 

Apr -i.iv 7b 52 0.0 5.8 21.2 73.1 
Oct -5<v 7, 64 0.() 1.5 25.0 73.5 

Apr-.ai 77 6)4 0.0 10.8 32.8 56.4 

Oct -,or 77 64 0.0 4.7 23.4' 71.9 
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Figurr 5. Effc of sugar fonifiation with %,ii'n A on h distribution of
 
serum ,rtinol Ilewh of rural prhool chilrn, 1975-1976.
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38 Fortifiat~ion ofsuga irit tittsmiu, A 

months of age. Table 22 presents these types 
of data. For simplicity and because the 
purpose of presenting the data in this 
manner was to test for the existence of an 
age effect on levels of serum reti'ol, only 
the results of the baseline survey and those 
of one year later are tabudated.lit-u1y 6C 


notedithat within this age range there is no 
trend for the average values to increase 

w.con'sienIly-'it4-age. OnlIythe av.erage 
value for the 12- to 23-month-olds during 
the basal survey (26.0 pg/100 ml) is lower 
(t =3.4)than for theother age-groups in the 
same survey. but with the fortification this 
difference. although still significant (t= 
2.65), tends to become smaller. The data so 
presented illustrate one additional im-
jportant point: that the program has had a 
beneficial impact on the retinol serum 
levels of the preschool children regardless of 
age.r Ilnfact. it seems that the improvement 
in the youngest age-groups which initially 
had the lowest value was. if any. somewhat 
better. Whether this youngest age-group 
consuned relatively more fortified sugar 
cannot be determined from the present 
stud-, but it is unlikely. It is more reason-

able to suppose that the 12- to 23-month-old 
children were still receiving the benefit of 
the vitamin A in breast milk which, as will 

ia. seen later, was increased by the consump. 
.1oaa of fortified sugar by the lactating 
mothers. 

Breast milk ret'nI. The methods and 
procedures to obtais'i the samples of milk 
from lactating women, as well as the 
-a-ionaI
le fo"rlecting-this pa rameter as an 
indicator of the nutritional impact of the 
sui ear fortification program, have been 
presented previously in this report. A total 
of 1,275 samples, distributed rather equally 
among the five survey periods, were 
studied. The distribution of the breast milk 
retipol values obtained in each survey 
period after the beginning of the fortifica. 
tion was compared with that for tle baseline 
survey. Figure 7 shows the trend for the 
values to move towards the right of the 
abscissae, reaching a maximum shift in 
April-May 1977. The blank area under the 
outline of the prefortitication distribution 
ipoints to the decrease in the per cent of milk 
Samples with deficient levels of retinol. Sta
titical tests showed that the overall changes 

Table 22. Serum retinol values by age goups I (Pg/100 ml). 

Stur'evw 12-2 t 2 -15 1-4.t8-59 60-71 
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It.plee'nt .t Iwrl) P1 cent of the retil Midt( cir,,tllstttI. s of lactation. The results 

to tteflt t ,coglit'd hN Wif 0 as expectted for .1trePtesented in iable 23. It is encouraging 
matott hurma: milk from well nourished. to obst r%( that the beneficial effect of the 
health% lactatlng wtmefn (18). Figute 9 (on11imjtion of fortified sugar is utnclues
illut:ates grajihitallv this decrement in l:mhit for all ptwriods. with an unex 

(Itlitient lvel throughout the evaluation plai ind minor tflett (N.S.) luring the 

priod Btetause a %lightincrease in the cases seventh to eighth lactation months. When 
%%ithho%, toetinol ' alues was ohbserved during one studies these diata acros. the table. it is 
th::' list su r 's. pair differences were tested oli iotis that. before fortification, the worst 
between vith individual survey and the situation appeared during the fifth anti 

I,r'tcortification tistribution. showing a ,1\(h months and the bes; -a. ring the alrst 

highl% signiliant ,,hift of values. both two months. This trend has been shown 
,io ring Octoter November 1976 anti during before during a study an a poor rural corn-
O toher November 1977 - 2 anti munitv inr El Salvador (7).(Chi 20. I1 Epidemiological
29, 17. rslctivelIy P 0.001 ). 1%.it prohably ref lects the fact that as litta. 

This analvtic approach vas also applied tion atvances u ) to six months the vitamin 
by periods of lactation. since it is recognized A marginally nourished mother cannot 
that the nutritional stress anti response of maintain the telativelh more adequate 
the lactating women vary with the length retinol content of the beginning of lacta. 
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Table 23. Ierr'a,,in the percent of hrrautmilk samples with k-em .30
than jig rtinol/100 ml 
by.ierid of lactation. (hutermala. 1975-1977. 
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 Iit tat ion pertd (,o th,) 

pe r d U-2 
n =- 6 ) 
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n-194) n--2 71) 

0,:t-%ov 19;'5 1I -0.9 )J..1 40.0 48.1 38.8(Baseli ne)
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C:hC9.68
" 
 I. II 24.-2" 5. 
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P< 0.05 t.0i5 0.001 ,:S. 0.001 0.005 



Table 24. Chang" in liter rrtirmd, (;uatemaia. 197.5 1977 (percent of samples by 

(atrgoric. (if rrtinol conurntrAtion). 
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a" h..1111 III's i 1 1 til'(1 ' * .'t1 it) each of tilt' sTrum Iev.I tatcgolrie'-.t .1ttio 

I.ilili
211
 
101(:j.i' aat .i, ll v"'. It-,tIoI, ai 'it)(-ad lt i.il a11I1 l he hiaoditv foutd in the.se chilren 

All" tr11t I' aatict a Dao. bali liner " , ingaathll ' '.ut 

a()ataiia' \a,. toiluir 14751. lhar Wl lratS'oi XIA 

a.is,, llt(t 11 111 hallren. gla.ing .a raliol af 
I - 1,101 D)ura ing thea 4 a.'% IApril \ 
I Ghii .In a. sill- ii,4. '.i5 ' n out fil 5K" 
r'\.llItra With itl rtial I I I t I, no t'1 	1000 
.,.,ortha. tiit tilt- s, itii riatinol a.ilur-ts fair IhI't " 

tr 'hillt'U ',,trit- h hi tla f ill ilt' a.i,,t 
a.,,'i a i l n ,l. it .illsur't',,+s. with ila'tli lt.tatla%%atll tiiitl aiti-nii' :fitl iall aii Willtilt4\ t io Of'l.tilt- ' -- ln l~iltl Child in illv firm, 

,lot%'. ' I ol '.Sawt'tlitI-atl'l aIrta inhi It't 

a.ulal ltl theta r It Ite'tt'mllitl Ita 1h) altih'ti' r 

ih'sena a' al "ai'I "t iltls dut1ritg Ilt la., thre'a' 
ir'l.i'.s lt hi' Otllpat il th 1311fitatitill 

.in il. I h:noli iatIl in fatInill hisha. ita'l 
.uitt .rIt.,i I,,., ,,la'ul-In iWttils rpt'oit, 
hut tt a,,ujltrd asilh Ill~r ,.t'l illtltll'lll ill 

',tit.1.11 A ai't~iI a.itaki' ina li +hcnutrl itra 
tiimil stalus. it gains suffftia'nt srength to 

Ii juliI l linit ill examination is shoawn in 
I ThlI 27. It is evident that the children 

a'. %ith less than I0 pg of rt'tinol per 10)0 ml 
ha l I significantl higher mlorhidity load. 
a- l'.ll Ia distinguishing tihteI fro ll the' others. 
I-t'.var. It',spiraltra. (list'a '. gastroa'nlterilis. 
and eterma art' m.ostlva responsibl, for tl' 

iffe'r'nce. Tia' last tolumitof lable 27 
gi aI. the pripaortion aif chilar 'n wilt) 

sio( tw orl mlra morbidity signs or 

ah'.,sa 'lvliti.. Ilis indicator also separates 
t' "'deliciat't*' ser 11i1 retinol calegory as 

tit' lmost affa'ctel as e.v idenca'd byv the signif' 
icant differ-nria found (Chi2 = 9.35: P " 

11.25). l' ' data have additional intrigi
i ng epidemiologic appeal. since they indi

http:tit.1.11
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Table 26. E, lesions attributable to %itaminA deficiency. Guatemala. 1975 1977. 

Age Retinol Conjunctival Corneal Scars IIistory and age' of onset
 
(lo) 1g/100mI) Xerosis (X1 A) (XS)
 

i.e lesion
 r.e I.eI r.e 


Survey: Oct- ov (Total group n - 543)
 
3


PEN
18 19.11 + + 

49 30.06 + PI
 
54 15.38 + PEN
 
54 39.84 + --- 4
 

57 40.54 + --

58 3.50 + + PMN
 
65 39.84 + + PEH
 
69 24.47 + --

.iurvev: April-Hay 197b (n - 585)
 

210 11..7 + Systemic disease, d iarrh.i, I'MI 
1" 29.30 + --

411 15.bt+ PEN., 10 
)
4h I.2, + 4.c sles. I. '. 

Survev: Lct-.ov 19t,_(n-f-44) 

35 2-.. Fever disea.se?) 10 cr).+ C-v.tvric 
+ ihsptIt.Ilztd tor di.rrhe.a .nd 

I'E.:I.
12'm)
 

t)5 2,,.4 _ta_, + +- 1 no. 

21 •1.2" + -- ~ 1- ' 

,.o 15.,4 + 111:4, 12 rx. 
, 2t,.59 + Measles. 42 r,. 
tO : 1..,t + Fever (svste.tc disease?) 59 mo. 
t) 21.90 + Fever (svste.-t disease?) O0 r.w. 

urvev : 977 _nn 721) 

47 39.1t) + IospihCdlt.ed for I'E.I,-24 xi.
 
56 lo.50 + --
63 J3.th) + --

..... left eye; 2)I) r.v' r i.,t ; I.e- when .available; ) !'rotetn !'nergv ;.ilnutrit Ion 
4) no infon-.ttion 

http:IospihCdlt.ed
http:svste.tc
http:disea.se


Table 27. Morbidityvk)d in gnuui (if chihlrn matched hy age and wx and grouped in categories of 
%Crrumrrlinx~l, Guatemala. 1975 1977. -2 

a 

Retino!(aglhOO ml) Respiratory (;astrto-ever Mo disease Ienterito Con jun-IIrtn mt%, (U)njunctivalxvrois 
Changes associated 

- with PFM __ _and nrego
Hair Liins :Edemaa 

orbidityo 
load 

Children 
with twomorp

1977 .r

: 

or disease 
entities

< 10 25 4 12 8 3 1 2 2 2 34/25 11/25 

10-19 25 1 5 5 4 - 3 - - 18/25 4/25 

20-29 

30-39 

25 

25 

-

2 

5 

9 

5 

2 

.5 

3 

-

-

2 

-

1 

I -

18/25 

17/25 

4/25 

40-49 25 1 5 4 2 - 1 13/25 4/25 

IRatio between the total number of sihns-symptoms and the total nuaobedof children 



cate an important potential of serum retinol 
levels below I0 g/100 ml as a public healtt 
indicator. at least in preschool children. 

.Another type of analysis combining the 
serum retinol data with the morbidity in-
formation is shown in Table 28. Here. the 
degree of morbidity is related to the serum 
retinol concentrations. Duringtheanalysis. 

it bec'-ameapparent tat for each Subsequent 
survey over the two years. the number of 
childrei examined as -'volunteers- (outside 
the preselected sample) increased. It was 
tthought that the volunteer families might 
have attended the clinical examination 
center seeking medical attention to an 
ailment in any family member including 
their children, biasing thereby 
the morbidity data. For this reason the 
analysis was (lone separately for the chil-
dren in the preselected sample and those 
who attendled as "volunteers." 

Trhe first thing to notice is that the 

Table 28. Serum 

Survey Tozt I 
period !'0. 

lkt-%ov 11 9$45 


Apr-5t y 76 6," 
t-,v 7\'6 PVs 

Apr-.'av -7 361 

tx-?-Nov 11 122 


Oe-ok, 75 5.6 

Apr-mis 76 11 
(-t-bv lb 266 

-kr- . v 77 I, 

Esvaluation 49 

number of "volunteer" children examined 
increased with each survey with a parallel 
increase in the cases with morbidity. The 

inumber of children in the preselected Sam. 
ple was essentially constant, and -although 
there was a trend in the number of cas : 

with morbidity to increase-this was not 
nearlyasmarked and,cnsistent.sin--the
 

other subgroup. 
The general features of ihese data 

relevant to the fortification program are: a) 
that the presence of morbidity results in a 
statistically significant decrease in serum 
retinol values (P<0.00001) in any of the 
survey periods and in both groups: b) that 
the impact of three or more signs or 
seschoolsymptoms in the children produces the most 
noticeable decreases in their serum retinol; 
c) that the increase in serum retinal with 
the fortification already described for the 
group at large, can also be observed both in 
thet children with no disease and in those 

retinol coriccriration oapresc,,sl children according to the child's morbidity, 
G'uatemala. 197541977 (jig/ICC ml). 

Sumber ofcinicitsiltu And avotome rexited
b one two 

n IL S.D. n x S.11 n 
O;h&tdr4eInpre-seltd *42pl

;6 ]1.. 9.7 26.b tO.b )U0l .6 

1 5M2 A. 6 .1 9.0 Z f% 2 1.5 
1. 1 .., 91.6 42 34.t q.q 61 1.0 

lib .. $ 8.1 559 13.0 50.4 W 12. 
O .A 1.,0251 It Q$ 35.6 

-Other children

-6 719, . . 1 25.7 9.5 .. 

1	1, 35., 52.0 56 "..1 it.2 5 2I.9 
76 Pi.2 I4,t M.0. 1 . I 31. 

n thtchild 
three orm)re 

S.D. n x 5.0 

52.2 	 I -2.4 8.6
 

?.9 6 13.5 9.2
 
6.1 it R.b 1.1 

51.1 1 1.%3.1 IO.U 
q.6K I6 25.) . 

1..52. 1 1 .5 . -


12.0 A 0 120.1 .-

A,. .0 1..1 10.1
 

500 1 5.1 55.2 512 52.6 57.5It" 	 13 50.6 27h. 9. f, 

i4 
 , 44 - -+ 
 : :
 



.) Furlittcatlon oJ sugar ith t almirn .4 

with clinical signs or svmp'oms of disease, 
regardless of the child's mor)idity load. 
This effect of the fortification was statis-
tikall% hi ghlv significant (Ill 0.00001): III 

that the tata analsied in this manner point 
again to the Olsieration. madte in )rt% Ious 

,sections. that the iipact of the fortifit ation 

program on the hiochemical paramcttrs 
s'em., .s a w%hol,. to have reachtd it% 
highe..t polit after the first vcar ot fortili 
tation (0toher Novcmbe.r 19761- In terms 
oI thet" .. II, in of tile fortifi catin it 

hih tild be crilarktd. howv that ener. ('e.11 

thos. 1 el hea ier rlt hitltyhit ViIIt 
IOads 2 and 3 oz nore) benefitcd h tit 

highti inak.,tc of %itami. A resul~ing fIOIlI 
dith totilication 

Anthrupometr.: Growth and Vitamin A 
Status 

A%vxplainedtnd ".er s." the bodMet h 
sight. aint heights of all the t'ildhrc were 
takel .it th- tini- (it c.,(h clinical cxamina 

tii(,U ()ilc ofrl)Is"(ollh'(tinlg datatif tlnt' 
%%.a% ali otion of the generalI1) OhtainI iiidi 
.tatus,,atal I.Itritior (f thtgroups (thil 

dit|1 tiuhat is %%hatis giler lx rc-rretito as 

ltel(, n clel ga illpalnuttition II'IEM) but 

%%hiN In t 111.1% tit' '
l I lI. Oil 5(tltitic t(if 

Ilihillilh ilt-lit int' it-% ilt ut(I ig thtl)sc' If 

41U111'%ita.lniUits and minerals. Fllc mail 
Ol ittilov h emvxvr.of haing th'se a.thrtl 

plitievttri t niiu|i(at(1r% was to determiune thee 
telationship bet%%wtn th rvtinol serun 
let, O| hil- thil(trt'n and thtir delit it in 
lhiu\' \ecighlt and htigilt "lh aiialvtical 
.1111atht stct hor this turitir %%assimilar 

to to Ot. .11))itil in thv (s" Ifdic airt'atl 
nlrhi ditv. Chilltrci %,ith stcrum rctin l 
I'%s s ill tihe df-itcnt' cattgorv I 10/jg 

lo()3 tl lI ) emtctclecttcti at random and ra:n. 

linol trl(t htd Ior age and sex with chil-
tlr'n rtim each (f th- following 10 pg. 
grtu ull'gs: 0.I1-:%21.29:30.9. and-10..9pg 

S fi.1111I v.-.-ni fia(..gt..scx matched lairs 

were obtained bv the computer for each of 
the serum rctinol level cat-gories and the 
distribution of the subjects within each 
suh grioup hv weight age and weight height 
was founld. Part A of Table 29 shows the 
results in relation to weight age. The Chl 

t-st howt-d that as, thc, srun reti nol levels 

i nteast. the dlistrihution of thc( chiltdren 
anong the wveight age categories imnpro,es 
sigiifi(antlv ((hi2 = '3.3-I: 1P' 0.025"). It 
%,.%as .'ideit that tih( per cent of thilde 
Vith %t'I%largo wevight age deficit .t) 6 pe-r 

'nt of standard). decreases notoriousl, a% 
1uhv . u1 i e .ol lvtlsIlecomeit, higher the 
gI o1n) %% 10 I1)0 ml showirng,tll h-ss than g 

.1 (listilgu,ishilg. higher proportion of cases 
s%oh this, magnitude of weight age deficit. 

Ille-an.i sis of the' data in part B of Fabl
2_( showed that s'hen the critical indicator 
ofl prtet nal nutrition lweight height) is 
applied there is also a signilicant relation 
h'it%.e.<en se'rlni retit(1l and the distribution 
Oi the children among the wecight height 
tegor i-siI."2).(Chii - 28.31): P' tutF It is 

agai. 'aiden in this case that the children 
,+ith I,-. ,hant) l)pg retinol per 10) mil ate 
remarkallv worse off thanlihe rest. Thtm 
data. together with those o! t1.* relation
silp btween imorbiditv load and scru m 
It'tinlol ltvels. point t) the cyi.demihologic 
sigii fitati of(setr umu rcitnol le els ies. than 
Ill pg 100tml as indicators oif htalth and 

nlutrition risk. 

III addition to the relationship just dis

u,.t'd, it was clnsidtered iminportan t to 
'va uatvt wh'thtr tiht" btnt'ficial effect of 
the fortification program On serum rct
initl lt'vels alrt-atlv sh(own for the samplt 
ai lalngt- co Id l t det'ctet'd in chilIren 

eitgardIh'.ss ofI their tdefi cit in physical devel 

ownme'lt. aid to what exten t. 'Fable 30 shtws 
data oi( thit' ean st'rum retinol evtls of the 

thiiir il mtlatit)n to their weight height. 
wtight age. and htight agt' dlficits. and 
tit' changs which were observcedI as the 
ftrtifitation was in effect through the two 

tvats oIf tvaluation. 

http:eitgardIh'.ss
http:fia(..gt
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Table 29. Distribution of right deficit as a function of serum retinol Irtrsin preschool children 
matched for aKe and sex. (;uatemala. 1975 1977. 

PART A 

Seru= AJequacv of 'ightiage (A o tandard) 
ret inl 

(ps 11
3 mI) 

%.---. 

IIan 
----

n n n 

4 10 25 2 12 4 lb 2 8.8 


10-19 25 3 !2 7 28 10 40 5 20 
20-29 25 . Iat 16 !I 44 6 2, 

30-39 25 99 36 12 .8 2 8 
40-49 25 0t (.'0 ! 16 64 3 12 

PART -
Seru. Adec'ucv of w'ilh /hwi t ( . -of ,E nda. r) 

ret tp,I 
(pg100 =1)m.. 

'. < M SO -89 goft 99 > I00 

C10 
10- I't 

25 
25 ,*'a 

2 
a' 7 

M28 
28 

If 
12 

.,0 
-,8 

2 
6 

8 
24 

20-29 

10- N 

0-49 

2 

2S 

25 

1 

0 

0 

-. 

11 

0 

.4 

8 

b 

32 

24 

I 

13 

17 

44 

52 

68 

9 

4 

2 

36 

16 

8 

Part A of Table 30 presents the distribu- %ariance indicated that. independr'tlly of 
tion of the children by weight height the ,pecific survev -xriod. there was a 
categories of adequatv for cach of the highly significant trend for the serum 
sUr vev periods, as well as the cor reslponding re'tinol levels to become lower as the per cent 
mean erum retiiol %aluties. liv variance deficit of standard weight or height became 
analvsis it was shown thatthe svrurn ctinol greater (1- 1(1001I ()lviously the kind of 
Ivels intrieasr as the weight height im dita obtained through the present study 
pro(ve I P 0 015)) In addition. the effe(t design doe% not Iend itse'lf to Concluding a 
of the fortification of sugar, as shown bv the cau,(-h relationship. It is tempting.effett 
serital comparistn of the data. proved to however . to remark in this respect that one 
be again highly significant IP. 0.0(.001). of the main manifestations of vitamin A 

In relation to wright age and height ag, ,h'-ieic, in exp'rimental animals is 
two effects are notorious: a) the analysis of growth retardation and even growth arrest. 
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Table SO. Relationship between serum retinol level and weight and height deficits
 
of the preschool children and changes amociated with the fonifkation
 

of sugar.with itamin A.
 

PART A 

Survey Adequacy of weight/height (2 of standard) 
period 1C80 80 - 89 90-99 > 00 

I I.ni 13 .. . .1 5.. a j S.D 

Oct-%ov 15 22 22.5 13.4 162 29.7 10.7 234 29.3 11.0 110 27.6 9.8 

Apr-.ay 16 16 28.5 20.3 11 28.1 30.4 307 )0.8 9.6 132 30.0 9.7 
Oct-Nov 76 11 38.1 8.6 121 33.8 8.6 334 34.7 8.6 167 34.6 10.1 

Apr-may 17 s )0.5 31.4 162 32.2 12.2 337 33.2 10.6 31.8 33.8 11.6 

Oct-o.v I1 12 24.0 11.5 I5. 31.8 9.7 310 31.8 9.5 177 31.5 8.6 

PART 5 

Survey Adequacy of wtiJtl.ate (2 ol standard) 
pt.raod C 60 60 7 75 - 89 90 

n i S.D. a, S.D. n j S.D. n a S.D. 

Or t-.ov 15 28 21.4 12.7 201 28.3 11.2 2140 19.6 30.1 60 29.6 10.1 

Apr-May 16 16 24.8 9.6 20? 29.1 9.6 51 31.1 8.8 83 31.8 12.3 

OCt-.ov 76 I1 30.5 12.0 221 34.1 8.5 304 34.8 9.0 3o 35.4 10.0 

Apr-Ka 17 21 24.5 10.0t 212 32.4 11.7 332 33.9 32.3 91 33.0 30.3 
Oct-Nov 77 29 27.6 14.4 249 3.3 8.6 337 31.6 9.6 81 34.1 8.6 

PARTC_ 

Survey Adequav of heiht/apte (2 of standard) 
period s85 85 89 90 - 919 

n S.D. n x S.D. n rS.D. n x S.D. 

Oct- ov 15 306 26.1 12.0 178 28.4 10.1 114 30.0 30.8 74 30.9 20.2 

Apr-May 16 143 28.0 9.2 183 30.3 9.1 170 30.6 9.9 fi. 32.2 11.$ 
Oct-.ov 76 IDC 33.1 8.2 234 34.1 8.6 195 I.5 9.9 311 35.2 9.0 

Apr*-iay I1 107 31.0 11.8 216 34.0 11.8 212 32.5 10.2 126 33.8 32.5 
Oct-.ov 77 153 30.0 9.5 239 31.3 8.8 210 31.7 10.0 % 14.5 9.) 

'I'
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Nevertheless. the important implication ably socially least privileged children in the 
remains that as the chronic anthropometric communities. 
deficits become more severe the vitamin A
 
nutritional status seems to worsen: 
h) from Cost of the Fortification and Contml
 
the point of %iew of the evaluation of the
 
sugar fortiication program. one ana-
can Total coil per year Table 31 gives the 
ie thewe data in a vercical direction. that "%tmated itemized andi total cost per year.

is. tiltchanges in ,,erurn retinol associated le,.utiing from combining the information 
%:it the i mnpro,,td retit ol intake resulting t.o I)yth
of tilt- ears covered esaluation 
froim tilt program- Statistical analvsis project. It is noteworthy that nearly 90 per
•,sho%%.tl that for any of the categories of InI ofl hi,total rost is (fue to iltI)urchas
%%'ightot height d(efct1 there was a highy Is g of til t.inllin A product used. [he 
s•,iglilfif.alt eleh'*ation of the Ileall M1 1111 lite of this pro(lut (water dispersable
h',,el, ftl0l1 thlt baseline alues i t(ttoher retinol pallnitate 2.3 ( WS per! kg was 
No 'nheer 11177;itothe'enlof t e,.aluatioln 'SS11 .( for the first order (1975) and 
(h ohe, 1977)iP W01 for e,

Nosejl)er (i i SSI 0 f(l the rtond order (19376). As 
It ma. bv notited that regadle,, of the duterminincd k li. this cost was borne Iv 

a ht Inlxilliilli lipro t'illent i%tihat- Ol" National Asoiation of Sugar .Manufac
e'l-n in 0()ltobve Noimbr 1976 Ifiirst tt, rers of (;uatemala. Is was that of the 
oitii .tic isam .,lI.itholds thait eel at the manufacturing of tiltpretmix carried out 

cld of 11977 Ise'toilld lortliration %eal tilt- Iw INCAP. 
e i'1l retinll itiles %%(er,- still Superior to Cost per pound fib) of fortifted sugar 
tho Iound lefore the fortificati2ll pro Pound1%(46Og)areus.din (;uatea.la as the 
gmii anl. ingenteral, to a irla'ell ssiimilar sigar ritail weight unit. lhroughout 1976
Vt\eli for .lshilil.Io411 of wteight or height 1477 Ihi retail price was USS0. II lb. Divid. 
dulit it Ibis indic ate%that tilttfortification ing the total (ot (If tilt ;rogramn per year bv 
wuthed een tho e nutritionalh + and prol the. number of poundmIs if fortified sugar 

Table 31. Experns categories and total cost. 

Amount Percent 

Retinol Palmitate 

Manufacturing of premix 

Transportation of premix 

tsS 395.432 

42,000 

3,500 

89 

9 

1 

Monitorirg: 

Inspector (part-time)
Chemical analysis 
Inspector visits (transport) 

750 
500 

1,200 

S 443,382 

1 

100 

http:uatea.la
http:�,sho%%.tl


54 Fortiicatn ol sugar utih tstarmn .4 

produced. it results in a fortification cost 
figure of US$0.0013 per pound. or US$0.13 
per sack of 100 lb (qq= .46 kg). This 
represents only the 1.1 per cent of the retail 
price of sugar at the time. 

Cost per inhabttant per 'year Based on 
total population census figures (27) esti-
mated for 1976. the cost of the fortification 
per person at the national level per year was 
US$0.07. 

Cost per "perion protected -In order to 
base these calculations on the best docu 
mnented data. the following restricted cri. 
teria have been applied for the estimates: a) 
by "population protetted" it is understood 
thosc children I . years of age belonging to 

very critical, one could base the ratio "cost 
protected child" on the lowrt coverage. 
i.e., 80 per cent. The figures in the last 
column of laLle 33 would then become 
US$20.02 and $3.66 for the .. 10 and <20 
ipg 100 ml criteria. respectivel,. On the 
other hand. it should be emphasized that 
the approach is very strict in view of the fact 
that itajsumcs that the preschool "children 

" protected were the only "'persons pro
tectctd" in thecountrv. In reality. however. 
children outside of the 1-5.year old range. 
pregnant and lactating women. anti even 
other adult%are also undoubtedly benefited. 

It is p)ropx)ed that. for an effort that has 
demonstrated to imrprove substantially the 

tht" lou and nm'dium income strata of til. vi talnin A intake and nutritional status of a 
(ua tenialan population at large (28). as 
%hoin in Fable 32; 1h)"protectiol.' is 
dehlined a%th(" reduction in the number of 
I%% and intiiurn Intomie thihdre in the 
attgories t 10 and - 20 Mg 100 ml of 

,,turin re(tinol lhe infor mat ion presented 
in I aleh 3) was deris,'- takiIg into con 
,,idlatil|the,." r A limitation of tiisriteria 
,plpioacin tould l that it i,basd on the 

plem;,s• that the tulationp coverage of the 
in telisentin 1isI lit)per (ent. while the most 
t-alistit (',tillat( i%perhaps between 80 and 

100 per cent see sectiton on ('stimates of the 

population coverage of the program). Being 

Ipopulation at large, the investment made 
,,VIIIS unziquestionablv worthwhile 

EFSTIMATES OF "Ilff POPULATION COVER-
AGE OF THIE PROGRAM 

Although the proportion of the lx)pula • 

tion of thitcountrv potentiall, totbe covered 
1%til-forti f~catiotn of sugar with vitamin A 
was c-stinated before the im)lementation of 
the program, information obtained through 
Its evaluation makes poss-ble a rediscussion 
of thi,, scry relevant .tuestion. It is now 

do(uinntd :hai the seclor of population 

Table 32. E'stimatcd number of children by income strata.t
 

St.ratun ercent o: total Per captta yearly Esticnated I-) vrs

population mncor-e (US do!lar) old population 

Low 50 73 55),217 

Medlure 10 228 J11,930 

Both 80 - 885,147 

l'Rference (a.) 

http:US$20.02
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e.li. 'znt'd I t-"main sanpl- studied was higher stratumn denominated *'concentrated 

4is%.II (.1 I'hv e il " el(A 1% thtiltli% svsttfnl. "t Ii,, I. 


eiill alt'd It .l'" Ieoptle livi g in -,mai co lnlconclusion. it
- ICo may ie reasonablv 

in the tinge of -JO) 2.0110 inhab estimated that through tht fortification11111nit ," 
28 prograit . siipl leiti tarv quanlitit-s of vitai2.101, it- iI .*,it .1oulld I_' million ot 

I"I (l't of1 thei 1411.11 rmin rac!.,.1 tiht vast majority ol thepopulJatioin :\ 

I I1t.' iS 1o4 4ue5ir on tlhat. l.lger coin ( nattnla natIiIpo liltion. 
nloniti'..Ihl~l lh" on I,. I(1l'.l, l.(u .4%W(. 

olo)itit, th11. a (ONSIDERAIONS ON "TiECOMPARATIVE11 the (llt'.1 

'IIl44g .I Ig lh1 ' o'tIl b.. izatio aind FFF1CIENCY AND EFFETIVENESS OF TME 

1114141illi4llIll ill l'+ ll ' I BETWEEN THE TWOf'i ili , Sl%1(V". FORiFI(A'1ON 

IS't11411 gu'llI . % lot-('1ollonlilt 1.qitus.And YE.-ARS OF EVALUAION. 
Ilglhl'l 4t,4)114lltn [ II ) sllugar O rI5, I,/llh11er1 " 

.1Ip1 
.10ad Illti-'l gI I('.14 l d In' the pro Ilable 17 already presented the average 

g.141.1..ilhling all1ht1' tW) millioin C3V) Ilr iltinol inlake-per capita from natural food 

14111) tit Ilit ii o%t1lage So4t41le". for .,h of the periods of study. It 

I lic tilt('. ill-peplde'it .ddition.I deli' t .111br"ven I that through the two years of 

11n'. *4' nl tndi4 (t, .1Slriled unle 'M41h tid'. there Wt 't'ox \ re laiivtlh small varia

i %I 1 i, .i' ('t'"t 1 rlrid 440t in 17 eS'er- lion%froI14 V,11t to) t .4v periods without1 

111.11l a'nd ( .'. .ini'. particula1 JI 1rt'n Ifienith'r inerteall" Or.\ .It's llt p.1 1 

- ill1001 t.nI t,,. im ll i.lhl. d that ea'.es. da1." 1t'baus'hn111 %114o)Wtht I h1 ta ar" illotlr lant 

. t114'. fotr tht conclusion%%hitc4' 1 l %%.I % Jil. l'h to tlt-i' .nd heing %r r .% thit basis 

4 4 ,,o1i44- b%ilht-lai m lit's Ili tit- 12 smalle,t th.t ilt- improv. ntli'nt shown in tht Iio 

l111 .11 lll.igv I - "111 inhalblitant.,* .dj.i4,'nt heinital paramlers of nutritional statlIs 

,.lll I .II.nv'l 
t " '.lit, tiet' ., 1 (4114t4 110i i1 les(if % llh r ',pc 1 t .itamin A can not he ex 

dir"mi.n1 '.ale, it %%.I%!41tn1l4l that f6I) lP'r pl.nintd In a change in retinol intake from 

411ll ,I tliet" h44 cht1I % c t- ( *t..luinllIlng na4.tural ,%our5,es. b(ut ought t Ie, attriblut('d 

,,ga.r %Il l . A ,d ii t)I .'l pvt '11 4 illten litllriliti;on o| toif' retinol in sugar. 

it fslitv .I1' .lI'il %%a%nS%t hrtified. WVhen tl,'inb,)l from sugar is added to retinol 

ilr h(lin l-Ile 14ll4. htnp-' oI flith fortift I0o.m natural sources figures arc obtained 

(.41i41 at I at.t . al otalelel l t' t (1,% fr 1(t rtinol intake. which also appear 

lti%-'4d Ili flhit" t6 4o 4t11-r 'It-% ile. IIl in I .ble 17. Tht" first thing to notict, is the 

44t'o1llilt Itil I ' IC% llg.gt, hets e-n l) . ,.- r siglifi(.itntiln1rovemtentinthiteav(rageI. 

tx'r (f.ail% i r that from only 

f Iijvt % 54UIur es In genial. ai; mentioned 
.lid44 2 011 i0 .ih:l.L 46t1'. a ( .l)ltJ l<' 4.6liIa retinol intake ov 

4,41,ltu|i1 jl 11 %%hire- aanging from n.aturIal 

IX 14 II . rt-t itdhd At46oiding 1o census before. fit'- intake of retinol equivalents 

Ii&Ztllt thel pli latlion il%t. ill this latter ttlhpled as a result ofi the fortification. 

IX- of %illaugt . inoUl44 1 14 18 IH s nit (f,4 lit Although tilest' data are valid for the 

t.a. It-Sultinh in .1 total(1 tilni.ile of 81 pt-- rrogranl at large. they ma' he (deceiving iii 

4 41t4 44)'. el ,o%C" 14 6I that the" I -st the 014%of sp'cilic instances, as revealed when.4( un14 of t4' 

Ip.l11.0ti4) i.,I1(4t 19 p<er cent) I tof,)re ani,l','d illnmore detail; the data as pre. 
I tlet Gitt.n.lan Census Bureau as .ented assume that all tht sugar reaching 
-I4r. dispirs 'd",.,t no1 rTea]tled (t all i tht.si illage.s all the time was fortified at an 

the"lotifitation progr .1111WOul result in an etimated level of lOpg of retinol per gram 

imli~rtant unl'restimation. sinct the socio- of sugar, as discussed tlswhert in this 

economic situation of this latter lopulation report. ilowever. such data do not give 

group is known to he similar to the next 
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any indication of the "point-in-time" avail- interruptions. This suggestion agrees with. 
ability of fortified sugar through the two. and may explain, the biochemical data 
year period, and evidence from other types which indicate that the fortification during 
of data suggests that this may have been the season 1975.1976 as measured by the 
less ccnsistent during 1977. There are at surveys carried out (luring 1976 had a 
least three documented instances when two stronger beneficial impact than the forti
large sugar factories did not fortify the fication during the season 1976-1977 as 
sugar they were producing because ol reflected by the surveys carried out (luring 
failure in the timely delivery of the premix. 1977. 
For It. I) davs these two factories produced This way of looking at the question is 
white sugar without fortification which was relevant for discussing the program with the 
equivalent to ahout 200.000 qq (46 kg- persons and institutions responsible fJr per
sacks). In addition, another factory pro. forming the fortification and with those in 
duced "31.523 qq without sitamin A: this (harge of the control and supervision of the 
sugar was presumed cT)be destined only for process, since it will make them realize the 
certain Industrial purposes legally exempted risk involved in not complying with the 
by law. but there is evidence that ,nportant fortification in a regular and consistent 
amountsof the nonlortified sugar fr-;m this manner. It is obvious that failure to fortify 
factor, were channeled to direct table use. sugar for relati vely long periods of time. 
II this sugar without retinal had been Hp('ciallv in those factories which produce 
randomlv distributed among all the popula large quantities per day. will lead to a sig
tion. fheimpact of the fortification on thc nificant suppl'. of sugar without vitamin A 
inditators of nutritional status for the tocertain sectors of the population (especial. 
sample studied would have been relatively ly small communities), resulting in a less ef
insignifi(antl, affected. since the total Iective net dietary supplementation for 
production of sugar was around four and a those unfortunate cases. It is interesting 
half million 1(| per ,ear. Iowever. there is that both the studies on breast milk retinol 
a high probah lit' that of the more than and the studies of serum retinol of preschool
7010)0 ufnrtified sacks, shipments of ap- ( hildren suggest a less effective fortification 
preciable size could have been delivered to during the 1976-1977 sugar production 
some of the communities. resul:ing in ,cason. Although these conclusions are 
relatively long periods of time when some of rather speculative, it was considered rian
these communities mav have been consum. (latorv. as mentione(d before. to draw arten
ing sugar without vitamin A. This situa- tion to their significance. in order to assist 
tion would be worse than if Irss concen- all involved. particularly the producers and 
trated fortified sugar would have been supervisors. in their efforts to improve the 
consumed continuously, providing the same efficiency of fortification programs. 
total amount of retinol per year but without 



Discusion
 

The Ten-Year Health Plan approved by effective method for correcting the prevail
the III Special Meeting of Ministers of ing vitamin A deficiency, and to urge them 
Health of the countries of the Americas. to take all measures necessary to overcome 
and published by the Pan American Health all economic. legal. and administrative dif-
Organiiation in January 1973 (29). con- ficulties that might occur in the application 
tained. amang others. the following two of the ). ogram in each one of the countries" 
goals for the Member Governments. a) to (31). 
reduce the present prevalence of hypovita- This strong and clear mandate led 
minosis A by 10 to 50 per cent (regional INCAP to develop a new program of control 
average 30 per cent)." and b) "to promote. of hvpovitaminosis A in Central America 
where required. the approval of the neces- and Panama. The story of the work carried 
sary legislation to guarantee the fortifica- out by this program in a multidisciplinary 
of selected basic foods with iron, vitamin A. and multisectoral manner is long and 
vitamins of the B-complex. proteins and complex. and the scope and nature of the 
amino acids.- present report do not allow it to be included 

PBv that time the Institute of Nutrition of with sufficient completeness and detail to do 
Central America and Panama (I NCAP) had justice to the effort. Suffice it io repeat that 
long since revealed through several studies sugar fortification with vitamin A is now 
the widespread occurrence of a serious being carried out by law at the national 
deficit in dhitarv vitamin A among large level in four countries of the Central 
majorities of the Central American people. American isthmus. 
particularly the rural and the socially The work under discussion constitutes the 
deprived urban sectors (U. 30). The concern report of the evaluation of the program in 
for this problem was deepened by the one of the countries. Guatemala. as a model 
demonstration of a high prevalence of with ample potential for generalization 
hvpovitaminosis A among the same popula- under similar ecologic, social, and political 
tion groups. affecting particularly the circumstances. 
young child. B, self-mandate. INCAP The central fact at this time is that, in 
started in 1969 research to discover the most terms of the dietary and biochemical 
feasible means to give a solution to this features that define hypovitaminosis A. 
problem, research which led to the procem. Guatemala is now significantly different 
of fortification of white table sugar with avid obviously better than before the sugar 
retinol palmitate. In 1971. the Ministers of fortification program began. The goal set 
IIlalth of the countries of Central America forth by the Ministers of Health of the 
,j.:d Panama. in their XVI Meeting in Americas in relation to hypovitaminosis A 
Panama City. resolved to: *'Recommend to has been amply achieved. The most vivid 
the reslective Governments the fortification and. from the public health point of view. 
of sugar with vitamin A as a practical and the most significant representation of this 
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positive change is depicted by the distribu- come. 
lion curves of serum retinol of the preschool In conclusion, the program of fortifica
children. pres-nted and discussed under Lion ol sugar with vitamin A has definitely 
"Biochemical Resjlts.'" One ought not. contributed to allow the population of this 
however. to disregard the fact that other country to fulfill its individual and social 
independently obtai ned data, such as breast right to an intake of vitamin A in accord
milk retinol (if rural lactating women and anct with that considered necessary for 
lisr retinol in Guatemala City. point with maintaining adequate nutrition with re
paramount clarity towards the same out- ,ipct to this essential nutrient. 
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APPENDIX I 

Preparationof Vitamin A Premix for the Fortification of Sugar 

Basic Composition of the J'itamtn A Premix 

Ingredient Ikg 200 kg 

Vitamin A-250CWS 2100 g 42.0kg
Peanut oil 16.5 g 3.3 kg
Stabilizer 0.08 g 16.5 g
Sugar 773 42 g 155.0 kg 

Specifications of the Ingredienits 

I. Retinol A palmitatectvp- 250 CWS from loffman L.aRoche It should beterrtified with a potrncs of 250.000 It*per gram. (Other equivalent products
authorized by INCAP can be used 

2 Peanut oil-L'SP-free of peroxides. In addition to the usual specifications of the
U S Pharmacopeia. this material should hase a maximum pero-ide content of 5 meq kg Peanut oil meeting these specifications can be obtained from Mr. PedroMontrsde Oca. Goldkist International. P 0 Box 2210. Atlanta. Georgia 39!9!. LSA.3 Stabilier mixture The stabilizer is Ronoxan A from lioffman-LdRuche (a
note should he made of the-date the material is receied sinte it has an expiration date 
related to its effectieness.) 

4 White sugar (sucrose). This sugar must be dry and Ir-eflowing. 

General Procedu reJor Preparation of the Premix 

Prrlirnnar)Procedures 

The itamin A powder and the sugar are premixed isdii appeupriate mixer. Tothis mixture, add the peanut oil containing the stabilizer and continue the mixing
until uniformity is achieyrd. The finished premix is packed into double walledpolvethylene bags. leaving a minimum of air space. The polyethylene bags are sealed 
and then packed into resistant paper bags. 

Mfan ulacturing Procredu rcs 

Part .4 Plate 92kg of suiar intoian appropriate mixer. Next add 42 kg of vitaminA palmitatepo%(der "Then add thebalaneof the sugar (63 kg) to complete the batch.
Mii these ingredients until the blend appears uniform. 

PartB Place 3 6 litersof peanut oil into a Prex gla~scontainer that can be fittedwith a (oter and a stirring tIe ire. Flush the container with nitrogen and lease an
aimospheir of nitrogen oser ,he oil. Add i6. 5 g of the stabilizer mixture to the oilusing constant agitation. Bubble nitrogen into the oil while mixing at 60'C in aton~tant temperature water bath Continue the mixing until the stabilizer is dissolved 
(alpproximatelv 5 minutes at 60*C). 
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Part C. To the mixture of Part A slowly add the oily solution from Part B with 
tonstant mixing. After all of the oil has been adided, continue mixing until the batch 
is uniform (approximately 10 minutes). Examine the final mixture visually to deter
mine its uniformity. 

Quality ControlSpecificalions 

1. The premix should have a homogcneous pale yellow color and 1Win a free-flow
ingt rystalline form. 

2. The pontency (activity) of the finished premix should hw a minimum of 50.000 IU 
.11 a maximum of 55.000 IU per gram. 

Comrntnis antd Precautions 

I. The low pioxide content of the peanut oil is crit;cal. This required specifica
tolu hould be emphasiled when the oil is ordered. 

2. Once the can of Ronoxan A is opened it should be used as quickly as possible. It 
should Ib stored in a cold place to prevent deterioration. 

3. The finished premix should not be exolsed to direct sunlight or to conditions of 
high humidity. 

•I. Tllte polyethylene packages should he completely filled leaving only a minimum 
oil ail %paceill the package. 

5,. lhe warehouse should be clean and dry with a temperature not to exceed 25*C. 
In area- where this is not possible tie premix should Ibe stored in the coolest place 
available. 
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APPENDIX 3 

Rapid Cuorimetne Method for the Conml of the Fortiflcation of
 
Sugar with Vitamin A
 

A. Descriptionof lhe melhod 

I) 	 Reagents 

a) 	 Chromogen reagent. To prepare this reagent weigh in a beaker 60 g of ;a;
chloroacrtic arid and 40 g of methylene dichloride (C't 2 C12 ) or ethylene 
dichloride (CH2CI.C[I 2 CI). To dissolve completely, warm mixture in a 
water bath at 60.70*C with constant stirring. Store the reagent in an amber 
glass container with glass stopper. 

1b) )istilled water. 

It.M aterials 

I) Test tubes 13 x 100 mm.
 
2) A measuring scoop (plastic or glass) which, when leveled, should contain ap

proximately 500 mg (1.'2 g) of sugar. 
1) A small glass funnel to introduce the sugar into the test tube. 
-I) A drol)per. 
5)A 10 ml graduated syringe (glass or iolyethylene) to measure the chromogen 

reagent. It is convenient to attach a length of polyethylene tubing to the tip of 
the syringe to facilitate delivery of the reagent into the test tube. 

6) Color Mtale. In 13 x 100 mm test tubes place 4 ml of the following concentra
tiols of copper sulfate water solution (CuSO 4 . 5110) per 100 ml: 0.0. 1.0. 2.5. 
5.0. 7.5. 10.0. 12.5. 20.0. and 25.0. Cover tubes with a rubber stopper scaling 
then airtight IIprevent any evaporation. Label tubes from I to 9. 

C. 	 Procedure 

With the measuring sc ip I)lacr 500 ng oaf the sugar into a 13 x 100 mm test tube. 
Add 3 drops of distilled water and watin in a water bath at a temperature of 60. 
70*C foi I minute: ,hake occasionally. Cool at room temperature in a cold water 
hath ( 20,C). Add with the ineasuling syringe 3 ml of the chromogen reagent anti 
mix immediately. Compare agains the color wale the blue color developed, which 
rearhes its. peak .between 5.10 srcond. After 10 seconds the color begins to fade. 

In out experience, using white sugar fortified within the limits recommended ly 
the fintification program in Guatemala (13 to 57 IU per gram), the readings fall 
haetw vt tubes 6 and 9. 
WhenIthesugar Ibing fortified is not completely white, but is instead yellow due to 

inlnut itie. the color reaction tends to give a greenish color. 
The olerimietie method permits rapid deternination of whether a sanple of sugar 

is or is not fortified with vitamin A. as well as the approximate level of fortification. 
in this teauan it can li.employed as a field method. For this purpose, the necessary 

reagrnts and materials can be placed in a portable box and transported directly to the 

Ilaces where one would wish to check the presence of vitamin A in the sugar. 
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INSTITUTO Of NUTIRCION Of CE NINO AMEICKA Y PANAMA
 

INVISTIGACIONES DIEI(TICAS
 

CONSUMO OIAIIO Of ALIMINfOS
 

PAS:_________ LUGAR _________ NCUTST ADONA ___ 

FAMILIA DU____________ FECHA ________DIA _______ 

DESAYUN0 

4ft.co..yd. . ct co jd ot.Peot pwcio4, ooigtnl 

ALAVIRZO: 

[MNR COMIDAS: 

COMSWAS: 

oww__ 

RISTOS:______________ D1SKIDlClOS:____________
 

PARA ANI4MALIS ________ COMRAS:_____________
 
P-233 
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Penornel Who Partkipated :a the Evaluation of Sugar Fortification
 
with Vitamin A at the National Lewl
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l)isemination and Utiliasit of Rnewarh Rcsults 

q,)utsin3g tle- It'liol cote're'l by thil lTO t. 1h. isnve~ligatlns hale devott'd a signifi. 
4'.in1 Jillunl of littn and effort I pi'selt lo ltil public at varinus levels ile- biase's. 
,slije'ri'%e%. tne accennllhisht'nts of cit lirogratn. En11tjhtasis has lW'n given so lihlt 
ill4 lle' lan -chtthis evalu3sin %cle'leha.. in order itf et'rmint ltite value of the 
illielestllioln. Trhle dliffern't audiv'el' hae' includel t'et uicials in th' h'alth and 
%utgalJIlljitl frhitijig s"ctor, me'dli'al and pialanst'li al lkrsonntienl.1govrrirnnt offi. 
t'ials and sit'niss- in tile f.i(M and nutrhiltn fird. a%can I. swen in lter list of exam. 
pIles inlude'd ill Ilii allenglix.

In the I'rferm-nee. of hte, wook. ',.el'iallyin the field olwration. local persontiel
1I.i %r take,ipall .1%inttlbers of subh t 'thnic'al itsanim a- die'tary. clinicAl. anthioii. 
mcll ic II biot'll'nlical eal,. In El Salvador for examnplt. 5welvt such Itchnical 
1h "wels e*tillelaed iutluding a physician -ta hree' nutritionists. I1 (uateanla. illalale'i 
.iliisit ilt-e' ilniliNI illleh inlpu inluding financial assistance.- of the Natinal 
;%%-A, i.1in OfSugas Mlanuflat'ure'r', in ie mnanagemnent of lisp' fortification. reardli 
41t1 oIt' ry systr'u dire'ctly involved, a sulrvisorenginter fronm.fsws'su.e'nl of lite el'li-.e 
set AWWeiasjii\', %taffas well as th. diif e'ngin'trs of all lit' sugar mills. 

A %1i i iil manual hals It'.i preparel ainld publisle'd in ottler It assist in site' conli" 
ulucal, ev'iluation. sul t'rvis4in. andh costiol of lilt' Fortilication prc'ess ml tlit 

Neallis 50)(Slid hat It"'een Itepared Willt in Esnglish and Spanish. illustrating 
lphir'%s 4 I lit' ft,'Iel surlV wit k anel othe' difft',nt aslitts iflilt'program. including
4.I atluasiei elasa-'. 
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25 October 1976). 
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the I L.atin American Congress of the World Council for the Well-being of the Blind 
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Arroyavr. G.. and M. Calcailo. Disminuciiin tie los niveles stricos de retinol 
durant las inferciones. Arch 'Latin Nuir. 1979. In press. 

Courscs and Teaching Seminars 

Aguilar.J. R. Participation in the training course in vitamin A. sponsored by the 
International Eye Foundation (Washington. l).C.. February.NMarch 1977). 

Arroyave. G. Participation in theSeminar on II ypovitaminosis A in Brazil (Recife. 
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