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The importance of hygienic 1uactices during the collection 
and bottling of minerai waters 

E. WIXDLE-T.\\' LOR 

C.B.E., .\f.A., \I.D., D.P.H., .\!I.R.C.S., L.R.C.P., F.R.C.Poth. Brarrister- ot Lalt', England 

Introductory rem.c&rks 

Lct me say at tbc outset t ha t I havc had no actual expcrience of ùea
ling with hottled natura) minerai waters, but bave considerable rxperience 

of dealing with ground water of thc highcst quality to supply one-sixth of 
t he population of London, that is, a miUion persons. 

I n May 1974 I was a member of a group of experts eonvenec.l by the 
Comrnission of tbe European Commuoities that rnet in Brussels conceroing 
the bac teriology of natura! min1·ral waters. So far as I am awarc, the results 
of our c.lelibcrations bave not yet been macle publie. You will thercfore 

appreciate that I cannot speak about thc conclusions. 
In what I bave to say, I <lm assuming that no trratmcnt is applied to 

t he water after collection, but that i t is irnmediatcly 1lelivcred into botti es . 

Characteristics of a rwtural water idPally 8uited for rlirect bottling 

'l'he water mus t be clear, colourless and free from objcctionable taste 
and odour. ~o deposit such as from iron or manganese compounds must 
appear on standing. The water must be free from 1lissolvrd gases cxcrpt 
air and carbon dioxiùe. The pH must be such that thc water is nnt corrosive 

lo metals. 
The minerai content of inorganic salts can be variable, but individuai 

,;alts such as s ulphatcs, chlorides, nitrates, etc. ~hould be within the guid
lines et nut in the Worlc.l Hcalth Orgauization Standanls for Orinking 
Water [l); if outside thcse limits, the wnter sbould be characterized as a 
medicina! water, for exarnplc, where thcre is ex(:css of ~> ulphates of sodium 

andfor magm:sium. 
Thcre rnust be no dctectable organic matter prcseut. 'l'he water must 

be of the highcst bacteriological quality; i t gocs without saying that pathogcnic 
bactcria, v iruses, parasitic ova and cys ts rnust be absent, also bacteria l indi-
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cator' of int cs 1i11al pollution ~ourh a:- tlw t•o liforltl group. F:srlu•rit·hit' coli, 
flwra l s t r·pp t ocncei, Clostri di 11m perfriflf!,l'll .~. Psf'udom n11as W'fii ,I!.Ì t/Ili' l l. l'l <'. 

T lw tnt al p lat i' <'otm l in fre;;hl~· hnttlr·d water,. tln pfopin ;! a t :r; °C ,.JIIJuld 
lw of a low on.l l' r , noi. rn on! th a n l or :! p • ~ r rnl , a nd Lht· n a tura! wa l ('f bach ·· 

r ia df'\ r lopinl! a l t h l' lnwrr Lrrupl' ra lurl' nf ::!0- :!:! "C s lw uld aJ,u l o lw k"'. 

no t m ore t hau l 0- 20 JWr !Ili. Ofl•·n t lw nn turai wa ter h aett· ri a . wh ich ur··· 

a u totroph it·. an· p rest•n t in p ure c ult ure bt·Ìn;! of tir i' t y p «'s Flal'obaf'lt•rium. 
Arltromnbucter • ..1/kalif!,f'lles. e t <· . In fn e t. t i w l yp r· ;.JH' t'it •,.. of Fhrr•obllllt•rÌtlfTI. 
n a rnely Flm·oba flt•rium III}Uatih•. w a ,;: i:mla tnd f rnm u Wl' li in L nn do n. kuown 

as tlw l>t>p tfor d well. and d ('!'CribNI in Bt·r~p~··!- " a nual o f f> l'll'r minatin· 
B af'lt•rioltJgy. 

Th (' u a tura l wa ll' r baekria rnay uwl ti pl~ in rt·r ta in c ircurn,la!ll' (•, such 

a,, durin/! s tm·n~t ·, r ais t•d t empenlttl fl'!' Ol' in tlw presr~ IH't' of au~· s uh '< t a ll CI' 

that can acl a ,:;; u nul ril'nl for thci r ù"'·r loprnent. Thus, an incrcas<' in the 

low - t emp rratu rl' or« cool » eounl may bt' tbe earlil's t ,. , id en cl' of coutami
JI:tliou · n , ·cry ~:wnsiti\ P t c•::. t indrw d . 

Som t· tim i' al!o T in' l'O' l iga t l'd t llf' h a r t <•r iologieal quality of a nu nthcr 

of wells uscd hy lh(' .\1!-t ropulit a u \'( atc·r B oard fo r wa lt· r supply. Som l' 

31. w dls wt•n· eons ist••n tk fn·<' frolll C'Oiiforrn orga uisrn~ a nd o ther in dica

t or, of ft·cal pullution. Daily eolo11~· count:- wrr t> carrit·d out on tiH'SI' 

soun•cs f'o r a pniotl of n yea r a l 37 11C and :!:! oc us ing lO rnl volunws in order 

t o reduce tbr s t al is t i<·al l:' rror of samp ling and a nalysis . Tt "'"" fou nd t hat 

the colony counl a l 37 °C wa;. u~u all~· less tha n ().!) p e r mi an tl in vrr y fe" · 
callt's I'XI' I'<'d<'d 1.0 per rnl. Tlt t· cotut l :-: a t :.!~ o c :;: lrowrd sonw ,·aria t i un a,. 

m ighl lw c·xp t•e l t•t l. hu 1 a « nomtal worJ.. ing raHgt~ » w as dc·ri' ed in w hich m or i' 

th an 70 p r r ceni of t h t• obst•n a tion:; ft·ll. This range wa" fountl1n h1· compa 
rat i\ rly n arrow ancl t h l' u pprr Jimil ,,a;; gt•npraJI~· )('s:; t ha n ] () )l(' r rnl. 

Geolog,· nf tlre gat/l('rin~ ftrnund or ratdllnl'll/ an•a 

\Vat e r bearinl! fo rrna lion ,.; a re u;,ually t lrc ehalk , lirnt•stoue and saml
s ttm r· stra ta. F or good q unlil ) watrr. thr rork m us t h e cumpact antl fre1' 

fmm crack :- aud fi :;~urcs that \\ otlld a llow wa t f' r lo pas;. quickly m ·•·r lou~ 
d is tnuces. nlltl p ossibly from pollut e cl ~<ourct'l'o . :\ n esst·ulial p rocess in t lw 

s r:l f p u r ifieation o l' watf!l' in tl11! g roun t1 is th t• Ji :<llJI JH"aran ce of h a e t eri a which 
u sua lly Ìll\ o lve~ a p rriocl of 50 flay!'. 

l'rotection uf p.atlt l'rin;:. groutHI~ 

T lw gen t!r a l undcrgwund flow of' water shnuld h t! a way from t h1· wl'll , 

alHl thr pro tertcd a r<-a n 1uFI in rluclr t h l' ' ' lrolr in t ak 1· arl'a a m i t Ili' eatch 

ntt'Ht abs trnction point. The de t ermination of thc forn wr h as lo bt~ mad•· 
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un thc basis of maximum abstrac tion a t timt~S of lowest g rourulwater tahll'. 

Studies by ,;pecia list geologists are necessa r y to tle terminn this as it wi ll 
naturally , a ry frorn si te to si te . Pl'llfcssor Noring of W es t c;ermany [21 
divides the area iato three or four zones, from a n outside zone of 2 krn Lo 
an inncr zone of 10 rn; bi51 •lctnilnl papcr 1;""\\l)rlhy of close n .arniua tion. 
Suffi~e it to s;ythat thc area should be. frequf•ntl y and n•gularl y inspectr d 
for any cvidence of pollution frurn cess- pouls, s tablcs, silos, earnping areas, 
burial grounds, exca vations for grave!, etc. , intensive farming, surface watl'r 
soakaways or swallow holcs, and from any othe r sources of possiblc pol
lution that may be particular to thc area .in qucstion; ali thPse s hould lw 
prohibited in an arca within a houndary line from which thc groundwater 
needs 50 days to traw•l to the ahs traction poiot. Proft•ssor Noring, however , 
ubserves that this does not appcar to be nccessary if the cxploitPd aquif(·r 
from the 50-day line to the a bstrac tion point is covercd by an imper mcable 
st ratum c.g. clays of sufficient thickness. lt is clcar that to be explicit ahout 
protection is difficul t and confusing, but the ·cssentials are constant vigilance, 
surveillance, and dose toudt with planning authorities and other official 
bodies in t be dis trict. The ownership of the gathcring g rnund is of 1 h c g rea
test importance and value so that intense con tro! can be appli t>tl. 

Hygienic considcrations in the corr sfrtt(: tiotl of the Wf'll 

The weU or horehole should PXlt:nd thr ough at lt•ast one imperrneable 
st ratum to below the lowPst watcr leve!. It should be tined in s tainless s tcrl 
or cast iron, and this lioing should be carried up as a coping for l rn ctrc 
above ground level antl sloped away from the top. The wcll- hcad shoultl 
be situated within a building, and the well must be covered, lhe surrounò 
sloping away and drained to a void Aood ing into the well or horeholes. Wa
tertight Aooring within the building is essential and this mus t be maintai
ned free from cracks, l'te. Drainage in the building and eurtilage should 
be in cast iron, with watertight inspection covcrs , and both surface wat• ~ r 

and soil drainage mus t be subjectcd to r.,gular ins pections an1l pressure 
tests. 

In a modern installation with a 25 to 50 cm borchole, the pumping arran
gement will be a subrncrsible pump with a rising main, prefera hl y in stainless 
steel, passiu g through the side or top of the shaft hy means of u watertight 
seal. Thcre should be &pecial provision for ovcrHow or purnpiog to wastc 
through a purpose-built rnain delivering the watcr at a safe distance from 
the wcll; this is PspcciaJJy neces!Oary for clfaning out and disinfecting opera
tions. 

With rt>gard to tbe pump itsclf, oil from the moving parts must not 
contaminate the watt'r and there should b e no materials incorporated in 

.-lnn. / 1/. St<~r. Stlfllla (1076) lZ, 121- 1211 
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the coHSlru ct ion of thc pump of such a nature as l o CHCouragr the growth 
of bacteri a (tltis precaution w ili be mt·n t ioned st·veral t imrs agai11 an d w ili 
hl' thc· s uhjt·r t of a spt·cial paragraph al the end of this papPe). 

Collccting tank 

lf tlw sourct· Ìl' a spri11g or if the w t>ll Il- arlesian. tlw \\ ater should 
flm\ into the factor y straight in to a glass-lined or stainli'S;o. s tcel tank 
tltat has arra11gcmcn t s for dealing wilh OYerflow; for rxamplt·, it could 
dischargc into thc wcll wasll•-water syt:.tcm. hut not, undrr any circumstanccs 
hack in to the well OJ" loca ll y whcrc any contaminat ion could Le Coll\·cyctl 
in t o thc ground- wa tcr. 

A similar tank will be rrquired for pumpcd watrr. The tanl should be 
complctcl y CoYcrcd untl pro tcclcd, but not to tht· cxtcnt of bcing airtight. 
An) ventilators shoulcl be fìLtccl witlt fine scn·cns and air-fìlt.er,.;, r enewahlc 
from timc lo timi' as ncccssary. 

Bottling room 

Maclrincry should b e of s tainlcss stcel. mi l ti s t ccl, or o t Iter inert mal c
riai whern·er possiblt·. 

Bottlcs recciving the water muflt be of clear glass, chcmically clcan, 
finally washl·d with dist illcd watcr, tlw11 autochn cd . ~ calin~ must b e al 

tl11: time nf filling, wi thin thc samc machine pmccss a n tl with caps of liH'tal 
or other materia! not suscrptible tu bacterial growth. 

Filling should t nh plact' undcr hoods in a room air-conditioned with 
in coming air passing through bacterial fìltt·rs, simila r tn lhosf• ust'd in a 
watrr- t r eatment plaut. in D enmark l"o free air from bactcria for t hc acra
tiou of high- quality groundwater pnlluted onl~ by m cthane and hydrogcn 
sulphid c gnsel; . A furthcr rcfinemcnt would bt· thc installation of ultra
violet lamp units clt•"<' to ttw nozzlcs deliverin g thc W<llcr int.o th c bo ttles . 

Floors in thc hnttling roum s should be CO\ crecl with a continuou!' matc·
rial in ccramie or plastic th at coultl witbstand dail) clcam;ing hy nwans 
uf s tcam or a n odou rless dctcrgcnt followcd by a d isinfc:c lant sud1 as l 1j 0 

soùiu111 hypochlorite. 

Pnsonnel 

Ali working- operati,·c•fl engagcd on ta~ J.. :: within llw ho t tling roon1 
should be da d in on:ralls, footwcar. glcn es, lwadgear a n d masks. prcferahl y 
st erile a nd. rencwed a t least cvery day . 

Therl' should h c m edica i ex.aminal io n of l:'mployt·t•s working in su cl a 

places whcre a risk t o thc purity of tlw minerai watcr is likdy to ari!!e. Th c 
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clinical his tory of each person , particularly with refcrence lo any infection 
capable of bcing watcr- borne, must be thoroughly invcstigateù and bacte
riological examination of facccs and urine car:ried nut on at least three oc
casiona at wcekly inter vals in a li cases. This procedure is essenlial to exclu
de, as far as possible, any chronic carriers of waterborne disease. Further
more, if any Nnployee is ccrtificd as having any discase that might be wat t>r
borne, or is suffering from an iUness associated with looseness of the bowd s, 
or any illness nccessitating abscnce l'rom work for more Lhan fi vc duys, 
there should be standing a rrangements to ensure that he or she is not 
cmployed on work likely to risk the c1uality of tbe minerai water unti! 
secn by the Company's medicai officer who will decide whcthcr bactcrio
logical examiuation on t be lines indicated ahove is neccssary to demonstrate 
that it is safe for him or her to be employed. Ideally, each member of the 
staff invol ved in t he coUection and bottling of mineral water shvuld be f'X

amined by the Company's medicai officer at intcrvals of not more than th_ree 

yt:ars (3]. 

Storage of bottled waters 

Refrigerateù storage will minirnize bac ter ia l mult iplieation in hottlrd 
waters. ami thc consumer ~hou ld be advised to keep it under cold conditions 

until used (4] . 

Sampling procedures 

Wate r. - Frequcnt bacteriological examination of sample bottll's of 
mineral watcr should be made as it comes from the fìlling- ljnc, and distri
h ution of these batchcs should nut be macle unti) satisfactory rcsults are 
shown. This is the only ·way to ensurc that thc lìnished protluct. can be used 
without risk to the public health, but of t:ourse, a li a lvng tbe line to thc 
consurner, tbc utrnost care must be taken to avoid contamination. 

In ad rl ition, at lcas t daily sa mpling a nd bacteriological Pxamination 
of water direcl from the wcll or borehole should be c~trrietl out. For this, 
a special tap should be fitted on the rising main. On cach occasion of sam
pling, the tap mus t be cleaned and thcn Aanwd to sterilize it: the water 
must then be a liowed lo run to waste l'rom tbe tap for at kast two minutcs 
lwfore the samplc is colleetP.d with ascptic prccautions intn a s terile glass 
hottle and tben sealed with a ~round glass s topper wbich is then protrctNl 
from contamination by a suitable cover of paper or thin aluminium foil [5]. 

Finally, sampling and testing of the well wat er itself, from source and 
at YIHious points in the plant (collecting tank, bottling apparatus, etc.) 
shuuld be carried out during and after shut- down periods. 

.lnn. 111. Su1>tr. Salltfà. (IU<6) IZ, 12l-12tl 
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Air. - Total hacterial counts on mr sampl1·s takt·n at Yarinu~ points 
111 tlH· factory are ya]uabk , and a norm ·will hc obtainecJ for each point; 
any iu creasc may well indicate eonl.arn ination or failure of air- conditioning, 
air- filtratiou , air-sle rili?.ation processc.,;, (•le. 

To end this lecture I will m~:ntion a rclat i\cl y new source of ''atn con
tamination, mostly hacteriologi cal in charat:ter. Thcre are an incrcasing 
nurnber of manufacturcd mat.crials whiclt. wh('ll placed in contae t with 
water, will provide suflic ient nutrimcnt to encourage multiplication of bae
t eria, in partieular t:he natura] wat.t·r organisms . 

Fur a numJ,(•r of ycars certain malt' riab such as leather tap washcrs, 
jute and hemp packing~ in pumps and watcr mains, have becn k11own to 
encourage hacterial grnwth in watcr, iucludi nf! coliforms a nJ , experiment.ally , 
pat.hogt~nic organisms. But. in recent Y~'Hr>' tlwn· has been a gn•at incrcase 
in tlw nurnber of non- metallic malnial:; procluced t haL when in contact 
with water may cause a de teriora t ion in its fJUalit y. resulting, for cxamplt·, 
in taste an d otlour, di~colouration. turhidit ~· an d evidenc(' of mierohiolo· 
gieal g rowtb , in tht· form of hact cria. actinomycete~ anù microfun~i. Ex
ampks ar(' variou ;.; plastie matcrials, rublwr products. anti-e(•rro;.;i ve p aints. 
jointiug corupouud:; aud lubricants . T hPse mate riah: should be ui't'd with 
caution and two courses of action shouiJ be borne in mind: 

l ) A n y sueh matcri als for u~e a~ fittings or part- fittings in a natura! 
minerai wat1:r plant should firsl be t est o.:d as to their potentiali ty to promote 
bactf·rial g rowth in watcr , or to eau:w other forms of dt'lt~rioration in quali t y, 
su eh as t astc an d odour. 

2) Jf there is a dc t crioration iu the physical, chemieal or microbiolo
gical quality of th e wat.er in or from a natura] minerai water pian t, then part 
of the effort of inv1~s tigation must be into an y maLerials in contact with tbc 
watcr during its passagc frorn sourcc t o sealcd hoLLle. 

lt is ern.phasized that the cxtent of this prohlem is not yct dcliucated 
ancl laboratory t ests an~ stili cYolving. Thc latcst work ancl m ethods in u se 
are givcu in the las t r eport of the author of this lecturc as Director of \Vater 
Examinatiou, 1\-lt:t.ropolitan \'Vater Board, London [6]. 

Finally thc whole process of prcparing natura! watcr for human consump
tion must bt~ earricd out under strict standarùi:r.ed aseptic condi ti ons . The 
code of practice to hc laid down that will ach ievc thi ;,; end for each plant 
may sound somewhat idt~ologieal , nt'vMtbeless i t. musl be maintainNl by 
constant Stll'Yeillan ce and vigilancc hy t lw;.;o• in chargc. 

Summary. - ~atural watcr suitable for din·ct bottling must be clcar, 
colourless, ancl free frorn ohj t-ctionahle tast c and odour. Tlw minerai eont.ent 
mul"l b" limited in arnount, othcrwisc thc wat.er woul d eonw wi t hiu tlte 
medicina] water category. T here should b e no dPtcctable orga nic mat.t.er 
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prese n t and the water must be of the high est bacteriological quality - ~ tr
tually sterile - and shoulù remain in this condition during the collection 

anù hottling processes. 
In order to achieve and maintain this high 'luality, the gathcring grounùs 

of the sourr-e must be protectcd from pollution; the construction of thc well 
or spring must be !:> uch as to prevf'nt extcrnal contamination, as also should 
be the rollecting and bottling apparatus. 

PP-rsonnel cmployed in tbc factory should w<'ar protective clothing 
and be n'gularly <'heckcd as to their freedom from waterborue infect:inus 
discases. Control of the watcr as to its hygienic rp.aality shou1d be by regular 
and frequent analysis of sampl<'s of the watcr and the a ir at various points 
in the process and in t he factory. A new problem that has arisen and has 
to be faced in this situation is the risk of contamination by certain rnaterials 
io contact with thc water that may contain substances that encourage the 
growth of saprophytic bacteria which wou1d contaminate by the production 
of taste, odour, discolouration, cloudiness and definite evidence of microbial 
growth. It is cmphasizf'd that the extent of this ncw proble rn is not yct 
delineatcd and that methods of labnratory contro! and safeguards against 
such happenings are stili evolving. 

Résumé (L'importance des pmtiques h_vgiéniques pendant le prélévement 
et l'embouteillP-ment des ea.ux minérales). - Pour Ctre mise 1lirectcment •:n 

bouteille, l'eau minérale doit .~tre claire, n ' avoir a ucunc couleur , ni gollt. 
ui oùeur qui ne soit pas désirable. Le contenu minéral doit avoir un ùosage 
lirnité, autrcment l'cau tornberai t dans la cat(-goric des eaux médicinal,:s. 
L'eau ne ùoit pas contt•oir aucunc matière organique disccrnible; dle tloit 
etre pure du point de vue bactériologique - c···st-à- dire pratiquemcnt 
stérile - et Jcvrait rester dans c1• tte condition pcndant toules Ics phases 
du procì:s d'cmbouteillcment. 

Au but ù' ar'rivcr et de maintenir celte h aute qualité, les lieux d 'origine 
de la source doivent etre dépourvus de toute contamination: pas seulemt'nt 
Ics puits et les sources, mais aussi toutes les installations du tirage 1le l'cau 
et de l'f'mboutcillemcnt ùoivent etre capables de p.révenir toutc contamina
tioo extérieure. 

Le personnel cmployé dans l'usine devra etre habillé avec dcs vetcments 
protectifs et sera périodiqllf•ment controlé pour les rualadics infccticuses 
qui pourraient etre transmises à travers l'•~ au. Le controle de l'1•au en ce 'lui 
concerne sa qualité hygiénique dcHait ~~tre accompli par dcs anal yscs n:
gulières et fréquentcs d'échantillons dc l't~au et J.e l'air à dt•s dift'érents points 
J.u procès et aussi dans l' usino meme. 

Un nouvcau problème qui se prrsentc et qu'on doit rcsoudre rlans celte 
situation est le risque de contamination par certaines matières cn contact 

. fnn. 111. S uper. Sonitd (19i6) 1%, 121 1~8 
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H\('(' l'cau qui pourrai«"lll COnt!•nir d1·!" suhs tall('('S rapabJt>s da faYOri~l' f )e· 

dPYe·luppt•nwnt d1' haetèn•:< :'a pro p h ~· te·;... C<' !-i lwctères co nta rn irwrai1' 11 1 

.l't·au l'li prnduisan1 un goftl. un«" odcur, utw dé «"oloration particulii>res l't 

l'Il l'I'Jicfanl J' (':tU 1 rnuh )t•. Jlf«"UH•,: f'Yic fe n l (';<; de Ja préSI'I1C(' dc bartèn·~ . 

J: on :'oulil!tH' q tw la magnitudl' dt· Cl' uou' c·au prohlt·mt' n'a pas é t(- c· tH'orr 

t-clair('i N 'l li~' ),. ,_ tnrt hodt •;.. dt• contn)IP dt• laboratoire et Ics saun·l!arrlt •:< 

p our «'mpt~clwr ou p rt~" c·nir re· dan::rer l'Ollt t' ll l 'on• à l'étudc·. 

R I·:FEH F::\CES 

l. ';l; 'urld il l'alt h Ur!!allit..l l io n. l 9~11. l·.urOfiPIIII Swndard< Jor Dritlkin::, IToJt•r. 2nd. t'U. (;, .. 
ne,•a. \\'110. 

2. l\unr:..;1; , 1'. IY':' l. Prut\'ctiun Zutu·• for Grounclwatl'r Cntchmrnt~. J>roc. lOth. l nt. Il " '"' 

.')IIPf>IY A .~·'· C.on~. pp. I!J :i:!. 

:l. 1\lilti, t r) of lluu•in!! a11d Lot·al Go' t. \\ t•bh Offi•·•·· 1961 . ."iufi'}:•Hml.< 10 bt• adOftiPd iu tl~t • 
Up!'rti/Ùm nnd •'\'llllll;t.C'IIII' Il( oj' n IIII'I"IC 'Ork.~. London. JIMSO. 

4. GF.t. DH E IC: II. 1·:. L. J l. n. '\o\ ,: tt. D . .t . lhASONEH & n. IL TAYI.OH. l97~ . ./. ;~,.,.,, IT'ater 
lrorl.-s Ass. 67: J l ~ - l ~ l. 

5, D t pt. ll l'ahlt & Soe·in l S,·,·urit~. \\ e·l,olt Oflìrr aut! \ l iu. llou~iug & Lora l GoYt. 1%11. 

Tllf' /Jarll•riolojtirtl l l~'xmuimtiÌon of ll"utt'r Supplì es. ·hl.. r d. , He·port i J. London. ll l\•ISO. 

6. \X 1 ~D LI - TA' LOH. E. 197 l. ·l .ith. J<,•,.ort /)irrrtor of TT'otcr E:wmÌIIIIIÌOII. M t•tropolittlll w,,,, 
llot1rd. Loudou. l'l'· 1:12 1•1:!. 

t 

l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 


