::{::{’ I Ag ANA
mwmzluwugmwmmm
(Chemical of life)

Y
Haou

HA.A5. 550 WA A

519 msiszneu uazasHan

(elements, compounds and mixtures)

* 510 (element) 1Y (HAN (Fe) 3% (Ag) 90N T19U (0)

a ‘;‘ r v Lné 4’ G r vy axn
a13u3gns Twerna19umnnarsou nseaareseli/ldaaeisnie
AN

2 %
[ 1%
a15132n0u (compounds) 154 ¥1 (H,0) vivmaglasa (C ,H,,0,)
a 4§ g’/ r A A U [ o r d’ d'
a1su3gnBeaaua 2 vila nsemnnna saunul udnauing
*  @VSHAN (mixtures) 14 AY Y 21017

a1sifszneuvareiialziuny 1 aelutionsiaunneiuiveu
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gaox yazlwana

(atoms and molecules)

* 9zAoN ﬁaﬂu'?ﬂﬁ’tﬁnﬁ’qﬂ‘uaem@i’)’ﬁ’mmam@mﬁwuﬁ
f anmwmwmﬁ?gn%w] aznanisznoudIgaunin
(subatomic particles) ﬁ’ﬁﬂigf yﬂ’Nﬂ] 14 Ao

— iszquan Gana1 lfsaseu (proton)
— iszav 5en31 d1annsou (electron)

4 A I = I A
— Bidirlszg vise 1ilunare Sen a1 dIanseu (neutron)

Isotope
Isobar
Isotone

ce c¢

Mass Number = A

6\ Atomic Number = Z
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= | =i %4 A r [-%4 v v v Y
* Twana Ao aAONVOIH IMAELIINUHIOMIN WMDY INUAIE
us Bt INGen 1 Wuszlmana (molecular bonds)

® macromolecules

® Reaction cycle Hag ﬂszmumsmemﬁm’nq
* Oxidation (% ¢)
* Reduction (5U ¢’)

® Redox (?ﬁ-%lil e’)

WU (chemical bonds)

¥
A

) = % r
YHUAVON IANNHI 1Y UINUNE A1IVEN

]

dJ £ I3 o r J
Tnyuau <N 2 asnoN] ¥ U WHBEITHINMT VU
dlanAson TINNH (C=C)
a a L4 U d’ <
dooiln USUMESAUITHING N 0T
[ d
Tfszgmanis Tadennaelsd (VaCl)
lalasion  usamenussrang LI
Ao % o ’
lal asouifis/szguan Heau (MIMSIUIEHIN
o0H Taagaveariy

fan: @sng (2548)
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3o Taseasae s giwy
laasanda (hydroxyl) R-O-H _
//O
A1suanda (carboxyl) R- C\ _
O-H
msuafiangualon 0 -
(ketone) R-C-R
6 a - [
msuafiangusad lge R_C 7 -
(aldehyde) \H
azdiln /H
e RN mmail i
amino H
§o Taseasre wuasiwy
Faw lgosa
R-5-H
(sulthydryl)
@)
Wadwa I
(phosphate) R_O*IT -0
@)

R =hydrocarbon
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A d
a150HUNTE (Inorganic Substance)

r :’ 7 (<4 o)
ITH U UIHI0 UNaeonyidY

A d
a150UN3E (Organic Substance)
wu uils Inalaaw iwaglaa srma Imdu aita 1ifséu

uaz NsAINGON

A 4
d150UN3E (Organic Compounds)

10
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A = = a A
U3 unNVe3 macromolecules { 2 Y381

L L
-Condensation -Hydrolysis
/_,,_ H,0
HO— 1 — 2 — 3 —H HO— —H ¥
[ HO— 1 — 2 — 3 — 4 —H
Short polymer ‘Unlinked monomer
Dehydration removes a water > H,0
molecule, forming a new bond Hydrolysis adds a water
molecule, breaking a bond
YOOV HO— 1 — 2 — 8 —H HO—  —H

Longer polymer

(a) Dehydration reaction in the synthesis of a polymer {b) Hydrolysis of a polymer

r Q’ NANA
a1silsznovvinalney (macromolecules) Tuaaiiyn
U & 4 %4 4 Yy I
sauilu 4 nguanuanvazlnseairaveluana leun

Carbohydrate 5znouniesig  C, H, O
Protein “ C,H, O, N
Lipid “ C,H O

Nucleic acid “ C,H, O N, P
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Carbohydrates

v

» Carbohydrates tihuasiseneudinan  ma uas
polymer Y2318

r 2 Y I r o
> uUangu carbohydrates lotihs 3 gy mudrwauluana
;’ d' I Jd Y I
vaarmaintiuesnilsznev laun

Monosaccharide
Disaccharide

Polysaccharide
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Monosaccharide 1iluirmaluagaiie s i
isznewdae C, 0 waz H iignsne (CH,0),

=1 r o & =
Tﬂﬁlﬂ@s‘fﬂ@ﬂ“u@@ C manmzlumﬂ Hagd Carbonyl
group Mas hydroxy group AeNUezAONVDY C

@]
Carbonyl _C’f’? {ﬁ}

N —C—
group H

aldehydes ketones

The structure and classification of some monosaccharides

Triose sugars Pentose sugars Hexose sugars
(C3HgO;) (C5H0;) (CgH,205)
H \c/o H\cfo H \C/O H N, c/o
H7(!270H H—o‘:—OH HféfﬂH HféfﬂH
g H—(::—OH H—(‘:—OH HO—(::—H HO—C—H
g H H—(‘:—OH H—L“:—OH HO—C—H
a4 Glyceraldehyde H—C—OH H—C—OH H—C—OH
I-‘I H— K‘:—OH H— (1.‘— OH
Ribose |‘-| Il-l
Glucose Galactose
H H H
H—é—OH H—é—oH H—&—OH
t‘3=0 (‘:=O !’!:=O
§ H—:l:—ou u—c}:—ou Ho—tlz—n
£ H H—C—OH H—C—OH
X Dihydroxyacstone H—C—OH H—GC—0H
Ill H—C—OH
Ribulose I!l
Fructose 16
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Wmaluanag (Disaccharides) INABINNIITINAIVO
inaluagaiie 2 lwana lagignsen condensation

Sa S N e .
Covalent bond MNAVYH 138NI Glycosidic linkage

CH,OH -4 CH,OH

glycosidic
O H I?nkage .

Examples of disaccharides synthesis

CH,OH CH,OH CH,OH 1-4 CH,OH
glycosidic

H A H H A O H H H lekage A H
OH H OH H

HO OH HO OH HO ) OH
H OH l H OH H OH H OH

H,0

Glucose Glucose Maltose

(a) Dehydration synthesis of maltose

Zipeli CH,OH CH,OH
fo] fo) 2 1-2 ~ CH,OH
"4 H H H H glycosidic O~y
OH H H HO /)| —> 1 linkage
HO OH HO CH.OH
l 2 HO o CH,OH
H OH OH H
H,0 H OH OH H
Glucose Fructose Sucrose

(b) Dehydration synthesis of sucrose
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Polysaccharide 1ilu carbohydrate ﬁﬁ“lm7ﬂ?my'wm
Us52noUn I8 monosaccharides 31U IUNINABA A I glycosidic

linkage
a . 4? [%4
» viiav04 polysaccharide Tuogiy
1. ¥HAVOd monosaccharide
2. YAV Glycosidic linkage

> 3064 polysaccharide lgun starch, glycogen, cellulose
uas chitin

19

Storage polysaccharides

Chloroplast Starch

g
Glycoge

20
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H (o]

oA
CH,OH i CH,OH
H CN (==l H OH
4 gH H' — HO —C—H [E—— gH H
OH H—C—OH HO H
H OH H—C—OH H OH
o Glucose H—C—OH B Glucose
H
(a) @ and B glucose ring structures
CH,0H CH,OH CH,OH CH,0H
0, 0]
14
HO o o 0 OH
OH OH OH OH
CH,0H OH CH,OH OH
O,
o] O
HO U 0 H
OH CH,OH OH CH,OH

Starch: 1-4 linkage of
o glucose monomers

Cellulose: 1-4 linkage
of B glucose monomers

21

14 [
Cellulose N glucose 1iluasntszne s uaeIny utls uad

Y % Jd
Wuszuuy B1-4 glycosidic linkage Wil wagvoanvilsznovud g

cellulose 11191431310

5

i

R
e

Plant cells: 0.5 m

B Glucose
Monomer

Cellulose =
molecules

Cellulose microfibrils
in plant cell wall
-

TN
S
oY Mim‘?iihril

L

22

24/01/62



Chitin, a structural polysaccharide

.. A 14 1’4 -4 r o A1 r 4
Chitin #1A59a519A@189Y Cellulose AN U1 HivIego8
1ilu N-acetylgiucosamine nomuilulmanaaeend

CH,OH
H O oH
H
OH H
OH H
H hiIH
Chitin forms the Chitin is used to make a =0
exoskeleton of strong and flexible surgical |
Arthropods thread CH
3
23
) [
Lipids

Diverse Hydrophobic molecules

24
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> Lipids 1fuansldiilu polymer

» Lipids lsiazaaiin iflasainiaseaiasaes lipids
dsznausqe nonpolar covalent bonds fudaunin

» Lipids 1sun
lasiu (Fat)
Phospholipid
Steroid

b

i7s (Wax)

25

Fats : 1fuuvasazaunasanu

» Fats faudazldiflu polymer wsiiluaisidluana
guinlug) Uszneudonarsniluianasuinidnndunsani
aaelinsen Dehydration

» Fats isznaudon Glycerol uaz nsn'lasiu (Fatty
acid)

26
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"l' DHHHHHIHHHHHIHZH
H—C—OH /C\é/+\(',/| [';/lxéflé\(';/l PN N
‘ |l A |l Il Al vl v |l vl vl

H H H H H H H
H—C—OH
‘ H:0 Fatty acid
HeC—oH (Palmitic acid)
i
Glycerol

(a) Dehydration synthesis

dqu “tail” 104 fatty acid 7.ilu hydrocarbon 7:n#
avmaNAIfUauAaAulIzNNL 16-18 azAaN LTudaun1ld

fats Tsiazanein (hydrophobic)

27

Phospholipids
> 1fluasddsznaunanaas cell membrane

» dsznaudae glycerol 1 Tuiana fatty acid 2
Tuiana waz phosphate group (phosphate
group #ilseq -)

» ddauiiandilsyq wazifludounaaun Kookt
(hydrophilic) wazdaunenlidaavin i

. tails
(hydrophobic)

(c) Phospholipid symbol

28

24/01/62



The structure of phospholipid

CH, —N(CHj),
o [ -
8 (I:‘t‘z—— Choline
a T ——
L o )
z omie Phosphate
s o
§ cH,—cH—GA
g 1 2 | 2 G|y¢er°| .
c—0 C—0
K]
'®
L
5 Fatty acids
3 Y
©
£
3
2
s
>
-
(a) Structural formula (b) Space-filling model 29

Phospolipid in aqueous environments

iaiiiu phospholipids asluiy phospholipids azsausin
A4 Tnee1d9Un10d 110N wazd Ui ueannI9aIuLen nafaLunem

\an) 3andn micelle

WATER

Hydrophilic R
head Micelle

Hydrophobic
tail

30
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7 cell membrane 221493%33» Phospholipids
azizasdailu 2 44 Tae hydrophilic head aziusan
nefmuaniduiiy deu hydrophobic tail a¢nsanana

Phospholipid

31

Steroids

> lipids dsznaudiag anfuauiFassafiung
L9 499

» Steroids a7insi1e duy functional group
NADAUMLUIULAN AT

> Cholesterol il steroid 7iuasflsznay
199 cell membrane

32
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H,C CH,
CH, CH,

CH,

HO

Cholesterol, a steroid

Cholesterol ¢s.ilu precusor §1sunns
fungizd steroid auvarwaiin 11 hormones

33

Protein
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>!ﬂupolypeptide V049 amino acid NnenuiludiAy
wizmdsuldsauunazvila

> Tsauaansermauld deaiisils19 (conformation)
Aq o o
miluanyazanizal

4 a a
> uywdilsduninndt 10,000 viia udazvilai

4 E4 Ad’ 4 %4
Iﬂﬁ\?ﬁ?'l\‘ll!ﬁ&’ﬁ”Tﬂ!!ﬁﬂﬁ7\7ﬂ1!

35

Amino acid \flua1saunsdnaivg carboxyl uazui amino
faduaznanAfuauiiiugudnany aznaniidugudnandsdaivesnas
hydrogen uazus R group 1 wjaiunnsnaiu

AR
H—N- C C—OH

Amino Group Carboxylic Acid
Group

Variable o - carbon
Side Chain

36
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Making a polypeptide chain

OH
Peptide
bond
l.'|)H SH
I
CHaz CH: CHz
! ‘ i T |
H—N—(|:— " N—(|:—T|:— OH H—N—Clr—(":—OH
(0] H O H
(a)
H,O

Amino acid saruilugnaansae covalent
bond 5an41 peptide bond

37

OH
OH SH Side
| Peptide | chains
CHaz CH; bond CH )
o] ow ] e S
H— —ti':—C—N—{l‘;—C N—(‘|:—<|'I;—0H S
H ‘]_l) H & H O
1 }
Amino end Carboxyl end
{N-terminus) {C-terminus)
Uatandvy amino 7undn N-terminus
Uanandug carboxyl Fandn C-terminus

38
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@18 polypeptide UsznNoUAI8 amino acid 19 20 ¥ia 1589
I v & A . =) = ay 1A %4
nonwuiludass ae polypeptide Daaansafigiuuuii livizounis
wunduviala
> Tseuannsermavlideslis/ss conformation) il

ANYUINNIZAI

» Tsaunmandldsenaudae polypeptide 1 Mmevizonnndn

d’ Y -4 = d’ 4 . . .
‘ﬁd?J?MWﬂ?l’?ﬂﬂ1%!45\18’6)!771!8]?531’737\7 side chain Y84 amino
acid

14 N = ; rew o o . . d’d Y4 r
> 3U519v0dl1)sAudaTuegnud 1 UVed amino acid M3e9nog

39

Tasea¥wnesllsfugnuiseaniiy
Primary structure

Secondary structure

Tertiary structure

Quaternary structure gsuldsaun
szneuday polypeptide unndn 1 ane

40
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The four levels of protein structure

(a) Primary

i
(e — "
structure Y ‘E\ &;
~ e S

o Helix
(b) Secondary structure ‘&
(c) Tertiary structure e 2

(d) Quaternary strugture

Denaturation and renaturation of a protein

Denaturation

R ¥ Q\ )>
Sy ‘ \
& P \Y
NP RS

Normal protei Denatured protein
Renaturation

» sisnvedlisiiuunerilaasnsandeuladld dranimandenvelisiulasw wu pH
gaungdl daviarg 1fudu o s 1005 sdamile 3199524319 amino acid Tuad polypeptide gn
vhae mafdeunasiiisendt Denaturation

AN = a 4’ a . Y v v A r a Y A T
» Ii]ﬁﬁul”»?‘b’uﬂlwmﬂﬂ denaturation 4483 ﬂ»?ﬁ"lﬂ"l?ﬂﬂﬁllﬂ”gﬂﬂn’ﬂﬂﬂ?ﬂ 138n31

Renaturation

42
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Nucleic acid

(Informational polymer)

43

1. Nucleic acid 'duuvaaiudayanig
WUGNITHUAZONUNAARNHIUTYBIAIAT 6

Nucleic acid i 2 wiia 1dun

» Ribonucleic acid (RNA)
» Deoxyribonucleic acid (DNA)

44
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DNA gnldifunsivuulunisdansnzd mRNA qegnld
Wusan1vualunisdanszills Auanne Ands

NG

1 DNA
" |
S

@ Movement of -
mRNA into cytoplasm Ribosome
via nuclear pore

© Synthesis
of protein

mRNA in the nucleus

@ Synthesis of l

protein

(o,

Polypeptide
45

Aaaamlafunisdianen DNA anjuneus

7 Taanaras DNA ifluaraaadiuiluaiuauniniiu
adAlsznay

» DNA enaiinnisidasundals ilasannanmesine
LU qNE289817AN nTe FeRanaeiNTumTaA

» nadasuansu nucleotide 11w DNA anafiuali

]
a

Aadandanwzidasundasldaniauls

A o A Ada Ao
> NN LU AU LANAN MUY ANAINTIFNHNANIAINNT

wasunilasansu nucleotide z1u1snnanansiale
suanls

q E1l

46
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2. M18V0N nucleic acid ﬂizﬂ@ﬂﬁ?ﬂpolymer Vo

nucleotides

unag nucleotide Ysznoune 3 a3u laun
Nitrogen base
Pentose sugar

Phosphate group

47

Nitrogen base i oomily 2 ngx esdassasramand laun

NH o o
| ? I "
N‘;GH‘CH HN/C‘-\C/CH:! HN “"c L.
L L L L L Pyrimidines
0% N~ 0% “N~ o? N7
H H H

Cytosine Thymine (in DNA)  Uracil (in RNA)
T u

e I
HE I | HC I | .
kY h%
H,c\‘" _CH H’G“N *f'c‘*unz Purines

Adenine Guanine
A

48
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14 DNA uag RNA divaeg 4 vidoumiiy
DNA {1Ua 4, G, C, T

RNA 1@ A, G, C, U

49

-4

1ma pentose

?u RNA ﬁ@ ribose

1y DNA fo deoxyribose

50
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o Jd { :,
ﬁ?\?ﬁ”lﬁif\?@&’ﬁ@ﬂﬂ”lﬁﬂ@%ﬁ 5 (5°) vedauMa pentose
ﬁ?i.y’ phosphate group NI

SINEN pentose + nitrogen base + phosphate group )]

nucleotide

Phosphate Group

24

5CH; fo)

Nitrogenous Base
4 1 AT.G,C)

3 2

5-C Sugar
(Deoxyribose)

51

The components of nucleic acids

Pyrimidines
(o]
\Ha I
,rc\(”;H H?,c\ﬁ,c:ﬂ, H'?'/ \ﬁ
07 - ooyt oéC\N,cn
H H
Cyteosine Thymine (in DNA)  Uracil (in RNA) | Nitrogenous
c T u | base
Purines 0
“0—P-0——CH,
NH, o i 2 0
: i -
MN=etsn M=e e Phosphate 4
He, ,cl: tl:H HE, ,{‘é cl: group Pentose
: NS ﬁ N7 SNH, sugar
Adenine Guanine (b) Nucleotide
A G
5 L
HOCH, OH HOCH, 5 OH
4] 1 sKH  H5h
H a2 H H EE] H
OH H OH OH
Deoxyribose (in DNA) Ribose {in RNA) (c) Polynucleotide

(a) Nucleotide components
52
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> Nucleotide nangluagasuvonsoni laaeen

Vo4 polynucleotide ﬁﬁmj phosphate g pentose
>4 4’

Seafteniuiluaie 1ag nitrogen base 100031910

@INENIVO nucleic acid

o4 .
> Bond finu¥ousoss1iiN nucleotide 2 luana

58071 Phosphodiester linkage

phosphodiester
bond

> @10UY0N nitrogen base UMY DNA 130 mRNA

(%3

AanyusanziI

ANS o IS I ¥ o o v
» a1y veN base 71!811!6)&’!1]%913ﬂ7ﬁ1!ﬂ@7ﬂ111160
Polynucleotide

amino acid Yo\ polypeptide voalsiu 53

% v Jda - q
3. ﬂ'l?d'lﬂ?’l@ﬂaﬂymgﬂ7\7ﬂ553l7’\l1!§!ﬂﬂ“l71! lﬁ@\?ﬂ]ﬂ

DNA 159100901049

» RNA Usznounea18 polynucleotide 1@ 1e1ie

» DNA Usznounea18 polynucleotide 2 a163e9ABYUIUAYM

nazillassasruihunae 568031 double helix

54
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> aeniaedvad DNA JAn1556963
-4 -4 A )4
aavilaenu Ae Uaremy 5’ vad DNA
4’ Y o 4 =~
merisazgnuatemy 3’ veson
MEiie lngdananua e H-bond
gHIN A DU T 1az G nY C (A351))

> anyamsdgnuved base 38031

complementary

Thymine Adenine Cytosine Guanine

55

Structure of the Double Helix

sugar-phosphate backbone
¥ Ao iy -

Nucleosome (DNA # histone) Chromatin (packed DNA)

DNA (double helix)

24/01/62
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The DNA double helix and its replication

Sugar-phosphate
backbone |
S 3 S 1 o
o LHBALTARASHNITLULUIFAN
Base pair (joined by
hydrogen bonding)

DNA azanandfaied way

dnenanseldlfimadluy
Old strands o .
skt n196579 DNA Tuianalus
addedto? Fand

DNA replication

57

The Role of DNA and RNA in Protein Synthesis

DNA strand
(template)

mRNA
transcript

Polypeptide —@ Lys @ Val

24/01/62

29



) a

IMNY (Vitamin)

N dA o

* nguvesarsaunsansuiluaemsersedinlinihuilndogld

a a I Y =) s Y r A ! [ i1 Y=
¢ IMNHINMNYABDINITINENIAN DY !!ﬂ!u(’)\?‘i)'lf)?”l»?f)'lﬂﬂ'@lﬂﬁ”l&"i’ﬂﬂ”ﬂ‘i)\?

Y Yo

dodlasuainerins
o muvgumsinaumaqlusimealiihang lildinasan
* uvveomiu 2 Yszan

— Imaiunazargluin (hidmiunisznevniesig € H 0 uazs1g
4
819 15U N S Co léun 3miu B

— Jmiduiiazarelulvsiv ifhdmiduiisznevdsesia ¢ H 0 mniu
Y ra a
lgun 3niiu A D E K

59

a A 4 r &, 4 Y t:l' d’ A
?ﬁ1ﬂ%!!ﬁﬁ$ﬂ5§,’!ﬂm!ﬂ\m@ﬂ!ﬂuﬂ@ﬂﬂ?ﬂﬂﬂﬁﬁ7ﬂl’5&’!ﬂﬂ nwunnngnne
Indiu i 59u (B complex)

d a A {
szlaviveaImauninesrame

r - 4 ! Y o £ d’
1. Tf?ﬂ?uﬂ'ﬁﬂ?ﬂ@ﬂ@?ﬂ?&'fﬁ7\7‘]‘1]@\7573ﬂ7£]?7’i717ﬁ’uTTIlIﬂﬁ

2. vaethgadansses W hiden uasmligalenumazanyy
dl a a A'
3. vsa rawadliasydvlouaziiun umumulsnvedsrineg

60
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d a a
ﬁ1510!!ﬁﬂ07]§3iﬂ?f”ﬂ93?ﬁ1ﬂu

FHAVDIINNY

13034 10 (retinol)

Indiu A (calciferol)

Imau d (tocopherol)

INAY A (naphthoquinone)

U
Uriado 119

oy T % v o
aiv]vuag wsien
a1 nzagnogn ik
INA W3IGN

g o * o oo
110 A Uar Wi

var 19wy

o = T o A
ﬂﬂ?ﬂ!‘lly? HINUNY

& a1
9IVUANNY

o o |
Anw nenala
A < A
NIVOINA NI

A 9
(HoHy AN

ANNEINY

o aeni1geaem Aania nszgnuazil M1v1a

L
(2 Y a

Diganseve aurfunasiiadag s A
v
uia
r L v = U
-vwsnmszauunademas Weavesalu
F1NY
-vegadunaFemaz Woanesaeain
nszgnuazifu
ananilu il sanszgnaen

r Y g A g o
Vel wdaaeauaaudan
-Yaetfeanumniunai
v U r Y I =3 =)
Mna 1Wuiiede unadesinaeauaaunn

[

J Y A o
-‘U?ﬂ? VG URIN )

v Y A

v A o '
V16 La0FUUVNAIT ] !a@ﬂ?ﬁa?ﬂﬂ{lﬂ

61

YUAVDIININY

Imiu 4 1 (thiamine)

Imdiss 1 2 (riboflavin)

Imiis 1 5 (pantothenic acid)
Imiis 1 6 (pyridoxal
phosphate)

Imau i 12 (cyanocobalamin)

Imuu % (ascorbic acid)

Y Y A

IFowiie tilery Ay

1o/ 63 suns

I a8 J
Haaad AU HN 8an

A o o a8 d
Hadand AU HN 8an

walsisanif5en

1%

AN INY

-hyalszamuaziale

Y < - a
sha iiful samiiuy iee1vins mstasey
AuanYgAYIn

v
v a =

-massgpdav] aiuiln@ A31ivds au m Agumw
=1

a

v a o 2
mnaduihnunnszeen Aaviiaan auiu

UWa

Jffua)sznevvedl ol
91119 eoMwaY Aaviaua Ussamiaoy

el umsiauvessz Vo015
010 92 UINNMNTNE Ysea 1o NmNTI9

g11a (il snl atinone Wuawuasihn Tvaw
HaudoN

% A =) =1
Shwngummmlenuas i naemaeaudause

v = Yy A
fval saensenmal s idwaearloean/siz
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-4

1. i (Water)

2. usHNHINNAONI (Mineral)

-4

T (water)

4
r

U b4 :’ b4 A o
smeavesnanilsznovnlgiszinaiesas 65 luanesiiriteg
=< v =~ :’ = b4 15 :; I 4 :’ v
a9¥esas 80 ualunszaniirinigsdesas 25 MK 39MeARINITHITY
a 1 v o o A 29 o o
agilszanar 3 as sumeliilugvesinau ilusin wali nazervs

d’ d'a Y [ :’
U nnmm’hf AINNTINYVOIU]
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w3516 (Mineral)

Tugenieauisdoulunazlsznaudaesinpaiiven lalnsiau
20nd1a1  warlulngiauw TFadesonduazlUseniuda 95-96% aa9u il
. 4 Y . g . .z
$99n78 dauiindalsrnan 4-5% sesditnsaaviiunanuisingus Ay
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