
nirnmno.rnt:~'idfla~d~~n~olr~ryry~ln nifi3ai3m~nttuddu~nfiou nor: 
Jd" 

?mqnmrni~mOI q~ia~n?niUui?nuitj(J lmul45d ~ n s ~ ~ ~ o ~ u ~ d i i u ~ u  3 K~nuananr: 
Y Y 

lctjjou,ic iinimmnodcdau 6 nimaaoq b u u ~ ~ ~ w  2 q m  qmn: 3 nirnmnoa un:~& 
.A. t' ~du&mm:unuuiminnnour:ntaa:~~nrflu~~ud~m~~ou 



- fminrii?ai~nuun:fiihuulnoonla6 

- hoa:no.rfiu7nrfiniitnu, ni~ouboonla6u'ua:bIn~~~u~ald~ 
4 4  4- - MPN aa~f~~nruunn~wtm~d%nidmunz~~un~d~dh~~~nu 

cY dLtld~~~nn:~nu~un~mnno~du~.~Lflw 2 q n r n 7 ~ n h n ~ ~ 6 7 ? ~ 7 ~ 7 ?  4o i7m7a 
A us=a:3~mm ~ w o a n m i i ~ u ~ u o ~ n i i n n o ~ d ~ t ~ ~ ~ ~ t  unz1uud~zqmn~mnao.1qz~ium1? 

o ~ u ~ t l u ~ u 1 m ~ k u ~ r i 1 6 ~  500 Un.18. U A : U ~ ? ~ ~ A ~ ~ U L % U # U ~ R L ~ I ~ ) I ~ ~ W  42, 84 U(3: 840 

un./f?. l i ~ 1 ~ d 7 8 m ~ d ? ~ ~ ~ ~ z d ~ % t l ~ d ~ l f l ~  12, 6 ua: 0.6 lflun7tdnw~4ur~o4 
" 

6mndqdTu~dofn~dm uPiuon~1n~im~~c1*wo:3~mm un:fardmd&o~tiu~~~anwii~wnd 



* f A "  " uiR1nnmuauomnuiu 
b ntnnz?flnr+iu+id ' uo J.T.Baker 

Commercial grade 

d 1~rkulammnlads.s N 

d9udo:nau 

. 
G7rnina un. 

B Z ~ L P ~ ~ ~  UA. 

Imiuuak~drn~ un. 

lnriuulumihe~urn" un. 

h r iou laa~onh~  un. 

i iw un. 

Tnduudorordrn un. 

rdo'fnmsoltvi un. 

iinriinm~oltA un. 

Tmuoen'PI~oW un. 

~1dt:d7 8. 
" ,  
G7nRSd R. 

i16uqfinimaao.r 

213 

- 

4 

10.0oo 

1.5 

3.75 

175 

110 

6.3 

0.63 

0.63 

8 

- 

111 

3,800 

- 
500 

2.85 

- 
175 

110 

6.3 

0.63 

0.63 

- 
8 

112 

3,800 

- 

1,000 

2.85 

- 

175 

110 

6.3 

0.63 

0.63 

8 

- 

211 

- 
4 

500 

2 

4.0 

175 

110 

6.3 

0.63 

0.63 

- 
8 

113 

3,800 

- 

10,ooo 

2.85 

- 
175 

110 

6.3 

0.63 

0.63 

8 

- 

212 

- 
4 

1,000 

2 

4.0 

175 

110 

6.3 

0.63 

0.63 

8 

- 



a ~mw~:~mnqmrn~o~d 213 (mq7uriiuau~o.ril~rdw1ui7rao 840 un.18. 1ao:~rrnmi~umt 

01Ult) C0D:Total Alk = 1:0.4 

" " - Iummnnoqu~n rm~ufii?~:~~uG7ol?n!nu~#~1m1~ 1 nn. uI~rk&1m'u' 
Y Y I 

fiu?wttw 2.5 A. rn41~9nyn I &~U~LIY:UI[U 3 - 4 AF~UR:K~SJI~ 1 ~ u r i o  
Y 

l~qrn7a~:aqur#7niriqrr~lur6odu? u ~ ~ i ~ ! o Z n o ~ f i i t a : a ~ o G ~ n ~ ~ I b i  
" 

LIZ:UIN 421.000 u n . ~ ~ .  n ~ t ~ r n ~ u u i ~ ~ i / u ~ u ~ m a : ~ u ~ ~ ~ ~ ~ ~ ~ ~ a : ~ ~ u ~ ~ m ~ n  9.6 
* 

ue. 1uG7 8 R. 

- I w i m n a a ~ d  2 IKnons:3Znr#u$u 3.8 - 4 un. r ~ u R ~ 1 u i i  8 n. (lu$wurn 

nwn~mnaodd 2 ~~nomo:~binr~u~uu~~rn~ur~ufi~t~:~~untrno:~bin~mu~~ 

J 
nimnnOdn 

1 

2 

- 

ainirriiu 

~ n r ~ u m i ~ o ~ u r n  

yiiiou~:lnrkudoardrn 

rdeknnao1t6, iinrfiRmne'lt6 uru:buon$n~o'ltPi 

1nGoua1horurnu~:Inriouhnwnln~ 

y~uu~:f~~&udofildrn 

rrJeo'mnaaG6, iinliinnRo!r6 UA:~UQRY~ARO!~P~ 

timtldqu 

C0D:Total Alk 

C0D:N:P 

C0D:Fe:Ni:Co 

C0D:Total A I ~  

C0D:N:P 

C0D:Fe:Ni:Co 

1:0.5 

100:2:0.5 

100:0.07: 

0.007:0.007 

1:0.5 

100:2:0.5 

100:0.07: 

0.007:0.007 



nmo:qGni#u#u 200 ua. ~Gu&116iiIu 1 a. ~iiulflurjdu n~ta:a7udim;uul~ 
3 4  q:l i fwmu~nuuitou 7 ido~nw7i7g1oi1ui7i#71~'n.rd ~nul iuq7n 19 ua. 

-1 
I& 23 ua. moi7 8 a. n ~ r n i ~ n i ~ a : ~ i u d ~ m ~ ~ ~ ~ ~ o ~ ~ ~ ? i n n ~ ~ ~ ~ ~ 0 u u 1 ~ ~ ~ n ~ ~ u  

riiu~qinnioo:iuuuo.rn~mo:~~n i.r1~d'Aouu71#ntno:~inl#u#u1un7? 
-1 

un%u~~iduunuiw~~:~ni7n~7ur#u#uoi~idauuuda.rku7n~~i7ha7ta:~7u 

ntmo:qGn wui7l3ntno:ainiiuiur~'n~'ooq7n 3.8 ua.1umsuiu15ju7iiIu 4 
A ' '  .I ua. wo3ymnirnnao.r) 1u~:ui1.rn~mmao.rbio.rm~~~ou~u1~ntns:~Gnm 

fiutui7iIaiuo.r~7~#7qn$d~~fi 

- ilaidm 1%qiiuuilardmufirn commercial grade 1un7trmhui7rdu q?nn?T 
" " 

?m~i:M'Wuiiiiilaldmo~d~:u~[u 66 - 70 % umi~uGn~.ru.run n7orm;uuaio 

a:aiuInGuuilaa~ldrni.r~miuuInu1%a~iuuila~dm~Gn 100 n. ua: 400 n. 

~ : ~ ? ~ I U ~ ~ ~ ~ U I ~ ~ ~ ~ U ~ P I T I ~ U  2.5 A. q:ufi70~:~711fqii~~%~id~il~#~#~ 40 

n./a. ua: 160 n./a. u f i n ~ ~ ~ m l u u a i ~ ~ : ~ ~ u P n ~ i u u i l a ~ d m ~ n ~ ~ b i ~ . r m ~ ~ ~ ~ o u  

n ~ ~ u ~ # u # u n ~ ~ a ~ t a : ~ ~ u ~ n m k  ~dat~o4n~~n~7uijrnwain97nldof~~u~n~1u 

lriu~n~o.r~~liuuil~rdmdoi~id'Auuuda.rrti lun7oirnluui7rdu 9:rGuaqt 

~:aiuI~~Zuu$aidm~#u#u 40 n.18. 5 ua. 1u&nku 8 a. ~do1mbii7idudii 

mq7uiibr+iuilaid~1~~u 42 un./a, a7rusldfio.r~4iinku~unitim~uiir~uii 

iwn:lu~~do:d~iiakrdmr#u#udt:u~m 30 - 50 un./a. ~i713~~dt:d79:ti~lcr6 

n~m~uqu16ilaidwlu~~r#~rilu~~uinu~n dqui~dodu'miur$u#uilardm 

rvi?cu 84 un.1~. m;uuIrnul#d~dt:d7 u~i~:?rnt1:6~~~17ilaidm1u~idt:d7~ou 

u A i ~ f i u a ~ t n : a i u I ~ ~ ~ u i l a r ~ m  40 un./a. dirn~u1~idoriuilaidm1ui7iiu 

lu%nq~ur#u#u~ilw 84 un./a. ~a:14mi~~:aiuI~~~uuila~dm~#u#u 160 n./a. 

LIT:N~M 25 ua. liun.r~uixio:di 8 a.rdo1u~r#7iiudiinq7ui+u#uilaidm 
* Y 

840 un./a. Inoriouiiuq:Enakldm1ui1do:d1riouiGuqnmF.r 
" 

- y&ua=rloaidm lu~~aa.rn1mnno.rI#nira:a1oyi4u~a:I~iiu~daa~dm~~1~ 

~ l i u ~ ~ u ~ t u ~ u n ~ ~ ~ m ~ u u i ~ ~ i ~  1mu14yi~o 90 n.oa:~rn~ouv~oniv~m so n. 

n:a1ulu~7nku1fifiu7mop?u~~u 2.5 A. rGun~on:~~ud~mluuI 5 ua. do51 

iTAo 8 a. 



fi~n~rorofiiid1flun1mrnao~41u~u 3 n5 Sod i fqdi~q~nvioa:m?ijn'La 

d?u$n 2 n'Jr~unoo:n!;o?jn~fieioo~fuvia~~nu?m 2 6-1 n??uq.r'Lud?uao~&dijntd 1.2 
3 4  " "  u. wunuulwm 20 mt.au. fiulmt 3 a. mouuulfluqdn~duun 3 anlu: (Gas Solid 

" " .. 
Separator; GSS) Y i o i i r ~ u ~ ~ i ~ ~ i i n u ~ n  118 ii? vioi?ooniinu?n '/4 ua:iinei7ii1n 

md?a 1/8 ~?efo~#?6utla6nn"~~~f~rr~u~~~~6~~::9dntdr~~~a:~m~u~m~n"~a~uu~nu 

ii~ t j n w ~ : : n o ~ ~ ~ ~ ~ n ~ ~ ~ ~ ~ ~ o ~ i d ~ ~ u n ~ t n a a o ~ u f i ~ ~ ~ ~ ~ ~  3.1 



i 
OD. 60 

1200 

! 



I 
Gas, Solids and Liquid 









qdntdn'~~un~tfioui~r~udtzno~~dh?u~fini~~~uu~:rP;t~.rau~~uu?~~~u 

5~r~nZ~r~u1fiwa7ainnu7n ?O A. ~ ~ ~ : ~ f i u ~ ~ . ~ ~ \ a z ~ u ~ ~ ~ ~ ~ r n a ~ ~ ~ d o ~ ~ ~ i ~ ~ ~ u l ~ i ~  
d :  u~nbu~ruao~~'Luuoi~:.iu &~u54de6ua7uil7.1wfl1aZnnu7n 3 uu. dwie~#7<urfl'm 

B ~ ~ 7 ~ ~ ~ ? n a 7 u  Watson-Marlow &f iou~~rdu1~~~~u~~df intddi~u~~)p7 8 a./h 
4 J 

a~uu.~nmte~~ui7uuu~nfi7u?n~~a7uu~dii~nudd~~ucj7~udna74n7u1u 3 uu. 

. qdnm~~~un"~nuuu~nudi~o7~~0&~fl~?Knr~"1fin"~nuiioon~~~:~~~~7uKuno~ 

c77n~riim~u1un~wnqdnd~n'un"~n1~aou~u l r w ~ r n t ~ o . r i i ~ a t r ~ W ' ~ ~ n ~ ~ ~ u q ~ n o ~ q d n t 6  
3 3 4  * "  ~ ~ n " ~ n n ' ~ n ~ n ~ f i ~ o o a ~ [ ~ ~ u w u n u u ~ m r n n o ~ ~ d n ~ n ~  qdnodlfluii~nu~i~oon~flu 2 nu7n 

au7mumi?~~nucjuoz~$8n1a~i/oudoriu~~un~?~douez~$~n dotdupindo.r~cu~uunu7m 

n7(11u 7 x 14.3 X 18 nu.' ?rn~flufiu7nt 1,800 ua. ~ ~ ~ o d l u n d o ~ o : ~ 1 ~ 8 n 1 a n u ~ n 1 u ~  

ni?r6nhu p 30 nu. ~~'td$7w'1ondt:u~nr 2 - 3 !&2,000 ua. kumrn.~hpId 3.6 





2 
doiha~7n?:uul~aiii~~~dn0d~iiun"~a n"7aq:unndo~o:m?%nlfiqqnu ma7uq.r 

-r, J 2 nmndo~o:moanngnun~fi~~nud~u~qin~nufmmaiu~~din~~a'~~ndo~ uoin~ounndodlfi 

q $ u ~ ~ u n i u m ? <  1 ~ n u o ~  ~dondo4pnun~~q~$u~:i~u~ii~u"tjn7u7?nd7udina7uq4 
4 Y r~ n7?nh~n~o~~~mo~ii1~nd~~nu7n~~~~uuond?u)"1~~fundo~nulmlA'n~~ou0~Y"74 

Y 2 zu d o n ~ o ~ n u ~ m i ~ ' n a ~ u n u ~ : ~ n ~ ~ ~ ~ ~ ~ n n ~ o ~ + i ~ ~ o n ~ ' i ' ~ ~ a o u ~ u m ~ ~  1 d?~~dglln?fli 

riizlhnu7miA'n iwn~mmao~u?n i?q?nno:uonm?~wain3nnu1n 100 ua. Kmj?woonld 
J ~ ' I~a :~~%n~~~nu?m~duu~quu 'na~~nu?m 3.2 au. 'lun?mnaoqnfioq i7qin~aon8mui 

waiainnuifi 60 ua. ldo~lwuaom~unraai;lluia loo ua. ~n"un"iabi?uu&nn~?~~uan'uudii 

nuinl4nni~ldelfidiuh7~a:~$umiu q ~ n t ~ ~ ~ u ~ a : ~ m ~ ~ i m ~ ~ i a n u ~ f i ~ ~ ~ i j o  2 qm 

ltitiiu5d jntddu'aa~dm~Y"u+u 42 UA: 84 un.1~. daunu1mi~nl#fu~~d~n?ddijma7uiii~1 

hiletdm 840 un.18. bdl4~urdo6nn"ialuqn~n~dn?dgndfi~jron&aunomiia~ni~u 

hl&ilreadt:uit-u 2 - 3 idoiloqfun7r~:aiuiinoJn"7a ua:du&qn 1 4 d'dmifiido~ 

qinniro:i~una~$ilu~dntd 

n~s~nn"~a'laffis~~u~a'lvlAo~fiu~1~?a:a~~3~n'o:3~mm6n4un"~a'lafm0iqu~alvlalfi 

naiu~h:nou3~n'ia!dh qnPinn"ia~b~lt~~uila~driid?~nou&aun?n~nu~nu~~ 500 ua. 

u4~q&?uroir~:a7u3~n'o:amm Grondt:uioc 3 - 3.5 idoilo.rn~ln7?a:aiuiinoqn"ia 

n i ~ o u b o o n I a ~  ~[inn?aillm~a~qntli~8dii~qi:gno~t noaviouKaii7n"ianuin 11s i a  2 

vio&#ior#?ua:viwoon d ~ i u v i ~ ~ ~ ~ m o f u d a ~ ~ " n n " ~ a ~ o ~ K . ) d ~ n ? n i u a ~ q u o ~ ~ u ~ ~ ~ ?  

a : ~ i ~ ~ ~ f i o : ~ ~ m n d i a ~ ~ ~ ~ t : u i o c  5 nu. fi7a~7nfid~n?~~iiim$uq:diul~i~dauqm6n 

ii1nlab?rqu~a1dh ii1alaln~r~uaklda'i1djffttl1tiiun10a:a1u3~n'o~3~mm rirmiilu 

m:nouil4fi!r)6 n " ~ a d d 7 ~ l o i ? a : a i u ~ 5 n b a 1 m m ~ ? ~ ~ : 1 ~ a d i u ~ ~ ~ ~ a ~ 7 n " i a ~ o n ~ ~ f i ~  

lfluQdnzdliiuua:fmfiu7mtn"iauuuuwud6i 6~uamqlupl$3.7 









nutl:l~flm?~tat?:~ufiaJ'Lu Standard Method 19 edition, 1995 



" 
~iiur?~o~i.rGiko1~dmu~o~~qu1um?nilrdm (volumetric pipet) rgm$?~duu~ - 

qmoi:M' 

r;u~?od?~&~mun?tLfla~7d~n"?p1od6u6~dfintn~~ud~u Gss &urm~lupd 
d 

3.8 1ihuu?u~an 2 ninu=nl#iiiu~a volumetric flask ~u~?~in??6?wuiutan 2 
dd . Wimn:iuil.liroa, qwuqC ua:nn?wd?~fiunnmu n7tiiiu~~lfiLnti:u~fo$, 

" 
$atdm ua:no~u~~un?waou~~i~fludiv.~?rnn:M'fiu$ ~dW~~1tjUiuriiu 30 ui$ 

C" .d nitrh~i1fi~mn:ciak1d~bio~3~nn:munnmiiu ~?ufmo~GI#nis~i lmdi f~u&~ 

qu probe TmfooiAn.iWTm1uC~d~ntdmum0.1 



o o n ~ i n ~ i u f i o ~ d n ~ u  (~~4~uaeaiiiun"1aoonrio~~fiuo ~ n n : : K i A ~ ~ l u o o n s ~ n ~ ~ ~  

$ 4 ~ ~ l ~ ~ ~ n 6 l M ~ ~ ~ ~ ~ ~ ~ ~ 6 ~ ~ ~ 0 ~ ~ l ~ ~ 1 ~ ~ ~ l n l ~ L ~ l ! d ~ ~ ~ ~ 8 ~ L ~ ~ n " l ~ ~ )  w GI 

~ ~ ~ ~ L ~ ~ n " l ~ ~ ~ d ~ u ' M ! ~ L ~ ~ ~ ~ ~ 6 M n l 4 0 ~ 7 ~ e ~ ~ ~ ~ ~ n " l ~ 9 l n ~ ~ ~ ~ ~  9 7 n c u A ~ ~ i u  

oonu&qi~ilnq7Aq 4.1 un:: 4.2 &ufiaqlqdd 3.9 

~ l f i ~ ~ ~ ' ~ i ~ ~ 1 6 I 0 ~ 1 4  1 i161lu;j~~u standard method 19 edition (1995) Wii 

~ ~ ~ ? L A ? ~ : : ~ ~ . / ) Y ~ ? ~ ~ L ~ I ~ ~ U ~ ~ ~ ~ & ~ ~ I ~ ~ ~ ~ ~ W ~ : : U ~ J O ~ ~ J I ~ ~ ~ ? ? L ~ ? ~ : : I . ~ L ~ O I C Y Z B ~ W A ~ ~ ~  
Y 

?mm::udpn60q WI~GWIO~LMLCIUU 'M'uri 



4J4 
ilaMh I un.ii1fiinn:uqlab;~L~u~udt:uim I un. K~~ulunonmu$aldflu 

6i~iuadUuin~n 1~du'~wnt~no~nj~antm$in~iu1~u4iuil~~~m~~ii~u 12 ua: 6 un./a. 
dd4 

.akld6~~:run~unit?~~ti:u~laZ~pin'Irjuin~n iLpilunTmnujj~ld6a:aiuadlu6iL8u 

uin 1 n'iin~iu4i~flubia~iiiCmilaldflu~i~auoonrioud~:?twti:u~loi 

mriiCmilald6aiuitnY;iiW4iu 1 1dwfau 1 nYUnit?~wn:Mi.11ila~dm~~a:no.1uiq 
r J .  unmnou lmuni~irii?oeii~uin~nuuidt:uim 150 ua. uinoa~ciiuno:miwnra.r GF/C 

nuimt 0.47 jhn ~ i d ~ d ~ u ~ d ~ i i ~ u i i l a ~ d m  d ~ u ~ i d ~ u ~ o ~ i u i l d l u n ~ ~ ~ ~ n u v j  ~iuntm 

%fml#u#u 2 uornrdodhG~onlG~ini7 2 m G~oat:6ui ilaldhda:aiuiiodrii8u 

100 % ~:oqi[upibTmo~~wiiald6 ii6ilaudd~GLoau~iuiincii~qucnia~Ln(iimiuuuq 

MU d f l ~  Kika Labortechnik @ HS501 digital n?iu~htau 100 - 150 rpm lflunai2 - 3 

i q h  n~iu~d~ud~iia~inni~~n~ji~:Y;i~1~"fiiabl~1t~~uil~ldflu~i~~uu~oan~in~i 
4 0 t J  da~diiinblnf~lnsuila~d6oanuumu&~ s~uiuin~dui~laZmiudni Kquam.rlupid 3.10 





- i i?au?m~~~u~iuhLA'P~~n"infa~ul~~1?n4~d(~a Chromatograph; GC) 

A dniiuh L ~ T ~ I J  GC '1:z detector uaiudtzmn ldu Flame lonisation Detector 

(FID), Electron Capture Detector (ECD), Nitrogen Selective Detector (NSD) US: Flame 

Photometric Detector (FPD) lild uDid7ukni~?~nn:M'n"7a bio.xijonl# detector Uo4 
A J.d 

1ww.rnrTfIn~1 Thermal Conductivity Detector (TCD) 



47np1d 3.11 unu;4no4nrid~f:~uri?~l ~Pii~uttnuno~fiu7cu~in id?uimuuou 
J 

~flu19n11 (retention time) n"lnd74nfim6u4:~ peak no4nndnnun:l?ni6u t ~ ~ f i ? l ¶ k  

ti~?6uid'?:I& peak oonui1ul?n7hn&iiiu46u (l&:~mnun:n!46u) ~fll~fU:?Io4ntiddi 

4:u peak du€1nid'?ln1iideri74ilmc4u u~i~iwndr~oonu71u~'n~~:dtflu peak hu~unl~d  
3  t?nib& 1 6u~am4i1iin?i~i~m~~im~iimnufio~'?~nn:u~uu Wjuilrn4lu@ 3.12 

3 4  wnnndd~tflu peak uunniroiIi7.r~mi-w wn~intnie~s:u~a~wunlbinti~dnni 
3 4  Z J  

did 1 6u i ~ w  i n n 7  T, Wwunlbinoid ioo,ooo dimi T, Mwwnlbintid 3,000,000 ti~ufiu 

miudn3u&? r ~ ~ ~ d ~ f i n i m i o i 4 i u ~ ~ d ~ t f l u @ ~ ~ : d n " i n ~ ~ n t i ~ o ~ ~ o w ~ & ~ i i  iilnniim 
J  J  X J  bs:riin peak ni?n-tb un:q:iflu~?:4~finm ~~oynnua~4uon47n7:uon~~~i6uwun 

3 4  lbinnduh ~~uam.rtdooi%wm'ao~~un1Bint~d~?u unK?ori~.rdu 

L?nl f 2 wun .z J  t~.Io~i~umwwn nihno4ii.in ( t . ~ i u t ~ i d r ~ )  

0.334 213250 30.5 oinifi  

0.450 351641 50.2 iicnu 

0.780 135284 19.3 nihauboonlnd 

t?u 700175 

o ~ n ~ f i d t ~ ~ ' l w ~ l o u u t n ~ o n " i ~ n " l ~ ~ ~ ~ e i ~ ~ i  (carrier gas) 'hi~do?fli~iid'?'%a 1 d?w 
.a J  l d o ~ ~ ~ u m ~ u n r ~ ~ ~ l ~ ' 1 r i ~ l u 7 t n ~ d 0 w ~ r ~  ~k~5tnm:d6o.1~udoc1nijrnii ~ o 7 n i f i  30.5 



- q s n ~ t ~ ~ u u n " ~ a u i r n ? ~ ~ u ~ d i . ) ~ ~ u ~ ~ o  ~1n?mnun~1u6ud~u1mtu~ut)u ( 4 7 ~  

?<uit~vuim 60 LIR.) u ~ ~ l j o ~ n ~ f i o o n b i ? ~ i i ~ a ~ u ~ t ~ ~ u ~ t : u ~ ~  3 U I ~  wniu+iimqnuii 

us:uibn~i7odio~qiiiiuu u#~~uorqri7a1u~t~~wn~~~m~m~u1ui4u~~of 23 vn~:iSoqrYu 

l#~4uiuof23 Zn.o'uud~dhouii7an1o1uoon L S U L ~ I  10 u ~ d  &~~ukfio.~.o'uoon ldirnon 
J ilP1u1~1mm14 1 nSlgnii7~n1uluoonm1u~u1mmbi~~n1t~mhu idu r;iaio~n~t~mhuiiia 

iiwu 5 ~dof~4uifi~io.rqnn"7rlufmt~~uoon~1mv~m~u1a 60 ua.lri15u 3 un. uAi7~iimii7a 

U'rnun-aldunuin 3 UA. ~flubiu 



Area 

-0- Area 
- - Linear (Area) 

Area 
2000000 

1500000 

1000000 

500000 

0 

0 2 4 6 B 10 12 



1) ~nem5muinuim 1 u ~ . ,  10 UA. UAZ 20 UA. 

2) l % U l ~ o f  18 11AZ 23 
3 

3) n ~ m n ~ ~ u u m  20 UR. ~~M~ULAU. IL$B,  qnow, dm:qijriuu ue:dilndq 

o:qijl&u (No. 20488 (18 by 150 mm) Balch tube with butyl rubber stopper 
-I 

and aluminum seal to be crimped) K.~unmq'Lupln 3.14 

4) iil~~ulmtllu, i i i a ~ f m ~ ~ 9 ~ : n i ~ o u b o ~ n ~ n P i 8 o : 2 0  n o d ~ ~ h h  TIG 

5) l a & . r ~ ~ i j o l ~ ~ u ~ p ~ u r n n ~ n o q ~ ~ n e ,  (Hungate, 1969) fiunw.r~u& 3.15 

6) mm+oq?ofinna'ijn~noj 

7) v i o n w ~ ~ d ~ ~ ~ q n ~ ~ a ~ o n ~ i ~ u  64uflm~1up.k 3.16 







Y 

dhLIPi1rn??u~flunond?~Pnu1m' KOH 'lmJ~:u?m 6.8-7.2 ~ ? ~ ~ ~ u u ? ? ~ R J u ? P I M u  
A 

m~~un'uniulriiurtuin~mnu~luTm~~~u i inh~u7nui~  u~:uiinBi~uCj~o:qii~Cuu i?ldwuii 
" 

i$odrnmu~u~fi I 5 ilouk/rn?n~iji? 15 u i ~  

3) ni~n:aiu?E?/ 

3n1rniiubrnao~~A 12.5 n./;iniu 1000 ua. (146~ SRB Lde~~flLiinni~rnn 

m:noU9o4 FeS 1u media) 

fnduuiinlrI6 25 n.1 i i n k u  1000 ua. (146~ MPB) 

d i i r r n ~ i ~ t ~ u n r m d i ~ 1 9 . 5  TnclTmkuubnoonlq6 urqn~n~mniu'Lm'utru~n~m 

no4iila!u~m?rqw ilnh?uqnu?4 ua:uiinh?uCjia:~ii~~uu i i ~ d 4 u i l r ~ o d ~ ? ? u 6 u k 1  I 5  

dou6/'/w?r?.r& 14 UI; 

4) ~1Tn:nIU Trace Mineral 



w 

~i~~u~r:nounjuum~:aiuiiun:utr~n~a~m niu~ut~uini~1aa~ii1~1u1m~0~qu 

r f i ~ I 4 d ~ n r ~ ~ i j  4 ~4nirnaliiuco riouiiui1~fio~cjiu:Oonto~iii pore size vuin 0.2 

hplmu ( t ~ ~ ~ ~ i n n i t o ~ l j i ~ $ ~ o 1 ~ ~ 1 ~ 3 i n 1 f ~ i 1 ~  1 l ~ d i d l d ~ ~ u ~ ~ )  64uan41upJd 3.17 





MgCI2 0.2 9 

CaCI, 0.1 9 

NH,CI 1 9 

Trace Mineral 10 ml 

AI?RZR?U%I~~M I rn~ 

1 l k r n ? i u 1 3 u n ~ m d 1 ~ 1 f i G i  7.4 fmO KOH 

- ~~I?UIMIT~IM% SRB 

1) B?HI?~~U~~~BIUR?~W~IW 14 Postgate's Medium E U?6mUdf+J14 ' 

Yeast Extract 

2 1 n i l d  

a:a?ufi?r~nu'uda:ad?~~u~inku 50 ua. uun6u ~in~u?~~iu~tnrnu6uu&~diir  
" 

p~ 1i3u 7.6 h;lu KOH ~~u~I~R:AIu%?$~ i UR. (ufiur?u5~~6~j7~fiuii~i1~(1~ 1000 UR. 

~ ~ d ~ l ? l ~ d ~ l J c i i ? ' I r j ~ : : ~ 1 ~ - 4 l ~ d ~ Z f i ~ ~ l ? ~ ~  



MUlUlMq; 
I Postgate's Medium E dqmt69d 

KH,PO, 

Na,SO, 

NH,CI 

MgSO;7H20 

CaCI,.6 H,O 

Sodium Lactate 

FeS0,.7H20 

Ascorbate 

Thioglycollate 

Purified agar 

Yeast Extract 

i i n i u  

nwlm?uu media miununlt wuj1ldoIiirr FeSO,-7H2O 9~liil~iiliimnlrmnm:nou 

Y'u~u media k 1 d1iiul2riiiq 0.5 g m ~ ~ t ' ~ ( l n ~ t  liil~6&e~~~mud~.r~mto~n1tu~.rm'~idol2ri16 
3 ~iiailryu~nirmnm:n~u~u 

2 'Howeer, 66 pg FeSO, added to 9 ml of the complete medium provides enough iron 

to identify SRB colonies by their sulphide generation. but insufficient to react with thee 

sulphide reductant.' Lereet, P. N. 1991, Anaerobic microbiology, p. 221 



'97nYYo~177~64ni71 i~nmao~~fiu FeSO, 0.0073 g ~41ufi72o7~74~i;u4~~~1t la? 

I000 NR. ( $ J L ~ ~ L L L ~ ~ I ~ U ~ ~ B  MROBK 9 UR. Uh4:'M FeSO, Maoma: 66 hfh? fl. ~8;) 

wui~'tiriimn~~mnm::nou~iimiu i4~n7u14anfi~7m FeSO, fi447fl0.5 g I M ~  0.0073 g 

fg~$~lunLa~limmn"cii~#u#u 50 % ii O.W. tYi16~1 1.27 4491" Postgate's Medium E 9: 

lc?~"l~L~uNiia~rimm 3.5 n.mo media 1 a. 

~-11~~uuuapl~msl50 % = 500 gll x 1.27 gll 

= 635 gll 

~1K?i?o~1~$~u1~fi~m~~u1udm01d?u~vi 1 n'w uroqa~lup?muK~nwm~1~6u 

w r ~ n  60 ua. ilm&~uqnu~.rua:uiinbi?ud~o:~ii~Guu 'lie1n~fimouuun~~1W~uii7a 
u. -I 

lub?~qu ~1n6u~~ulf lu~~0un~mu~ij~1ni14 owi~raailua ~nurii?orj7d~9r1~lfluaj~du 

ln"lJ!'ilbilrjl?u 6 L ~ U  





z WiWua1~o1~1~~i ju~~a~~~~am1u~m~~nd~n:5~n1tR~~am~Iu~a9 'o  3.5.3 GiuauPT? 

si1~6~uam~lu$a4'o 3.5.4 (2) 6 i ~ i o ~ i ~ i r i ~ u ~ ~ ~ o ~ u n a ~ ~ m ~ o ~ l t ~ i ~ r ~ ~ ~ ~ " a o m n u n a i ~  

~ l l d  MAO~R:  2.85 un. ~ i n ~ u ~ ~ o i n i ~ o o n ~ i n ~ n o m ~ m u ~ ~ ~ i a ~ u ~ m ~ i ~ u  ~~uarnd~up~d 
x ;  

3.19 u ~ i ~ ~ ~ a w i u ~ n c l i ~ w ~ o u u ~ n ~ ; ~ o ~ l i ~ : ~ ~ ~ ~ u  ~ i ~ d d ~ i l a o n n ~ ~ z ~ L ~ ~ ~ ~  15 dnumc/ 
" 

m i t i d f  a I 5 uifi 









, ~ . .  , , . , , , , .  . .. : I-i. 
. ~. 

.I , i . , .  



.-I r 
ii~nomoi~irr~u~l;ll$oun~nimwu~r;.ld~f~oud~m~~ij 100 odniraariiun (lthjou 

% 

~i~iuKuw3odia~iY~1d)  iflur~~i2)r:uim 7 - 10 ~I?L~OI~~ABULMA~ ~ i n w ' u ~ Z u ~ 9 1 ~  

~:siudoer~drnGdidoi0.03 u ~ .  aiG's&i 0.03 us. n i r o i ~ ~ 7 i i i U # u  1,000 ijsGfUsif 0.06 

UR. ~ U d ? 4 ~ ~ ~ i O . 1 ~ l d 1 ~ ~ d 1 4 0 1 f l ~ ' ~ ~ ~ ~ ~ ~ f ~ 8 l 1 ~ l ~ 6 0 l ~ 7 7 l l ~ ~ ~  ~ 1 0 7 ~ 1 0 ~ ~ d d i ? ~ ~ d 9 ~ ~ " 1 ~  
" d Y L 

G ~ ~ U ~ ~ ~ ~ ~ ~ ~ ~ ~ U ~ U ~ ~ M ~ ~ A Q U L M R ? ~ ~ A ? ~ M U ~  ( 1 1 ~ d ~ : ~ ~ n 1 ? 6 9 ~ ~ 1 ~ 1 ~ 1 4 ~ B 0 ~ ~ % 0  
* 

ui . r~ ind i -& i~ouui~#u~ 2  - 3 M R O ~ Z ~ L L B ~ R : A ~ ~  wo~iiuai~viiq 1 nnrfus:6ui~id6q) ? i n  
* : 4- .d 

~ U ~ U ~ I T B : ~ ~ I U ? W I ~ ~ ~  0.03 UR. W ~ ~ U ~ U ~ ~ M A D ~ ~ ~ U ~ Y L R ~ ~ L ¶ O L U R ' I U ~ L ~ ~ ~ ~ ? ~ L P I O O ~  
Y 2 .  

qo5~nnfinraei ~ n n o ~ i ~ a q l u ~ n o m o o n u i  0.03 us. ~ : l ~ r ~ o n ~ ~ o ~ i ~ ~ ~ ~ i n ~ ~ o m o i ~ i r  
3 3 
i ~ w ~ ¶ e ~ ~ n q  10 LY~I ( ~ i u ~ m i i ~ u i ~ s : ~ 4 o M " f i o ~ n i r ~ w i : ~ ~ ~ ~  iwt i : f i i ~ r i iu~ouu~ i~u~~~ '~~~  

~oia.rii~i1Ifi~u~aou1~doi~ji~1cl?miiiu~~~unni~r~a:r~omiulbi) ~IIIWIIJUUL~%~ 
A 

r j o n o ~ ~ ~ ~ n m a . r ~ ~ u m ~ o ~ r ~ ~ i ~ ~ : d 6 i l ~ ~ d i u  fus:tru"~fi~~nij.ouij~&iu1uodi~fi~iiauo 

~~~fiGbJ~Id$dd 3.23 ~ I W L ~ U ~ Q ~ U ~ ~ ~ ~ U ~ U Q N M ~ J ~ ~  37 DJP~IL%RL~UA 9 1 n ~ ~ w ' U 4 7 U 1 ~  

~ * ~ n ~ u o ~ l ~ o v ) n ~ d p I l , i  



\- 
\- IF- - -'?& 
1 







I 1 P  
2 ATP 

@d 3.26 n?tldi(~uii~lan~&lnliluB:~~~~~ (Fenchel ua: Finlay, 1995: 43) 

C ~ H ~ z O ~  ?) 2CH3COCOOH + 2H, 

(glucose) (pyruvic) 

2CH3COCOOH + 2H20-+ 2CH,COOH + 2H, + 2C0, 

C,H,,O, + 2H20 + 2CH3COOH + 4H2 + 2C02 (3.1) 



nqfm I h n  ~iuu~viifuiTa$ 192 n. (100%) 

o:%n 2 fun ~ ~ u u ~ n i f h i f f ~ $  128 n. (66.6%) 

k i l ~ o ~ ~  4 h e  ~h~u~viiKuilo$ 64 n. (33.3%) 

~in.riuno.r Lovley Linzmm: (1982), JIU~BJ Visser (1994: 12) an:.riuno.r Omil 

(1996) ~qd~a;ua~lq~~%?;~ 2.4.1 ndi?i~.ruun~~u~~?a' ia~dmdu?hnki~n0~7ui i~f lu~ 
" 

u7bmZab~rqu'Lu~:uu aiui~o'l~a~m~~rtqu'l&~~~.rjirlr:ian'.~~w ui.rGuauuriij79n 
44 .r 

do:nim&iiio ~blm~~~u1ur:uu~n1iifnuuunnuutm~$%n~dmrioui~un~iunf1.ri~nu" 

~inminq 2.8 ~~uniiu?~~$%a~dm14%n~dm I IuaJY~~innouu~inblmo~~u 4 

lua !A%aldA I fun d?uuuni~unh~ilnu1~~ihou~noon~nn' I fun5i.G~A'nmwu9in 

bfnotsu 4 Oua ldiijlnu I h n  ua:sinmioi~d 2.11 uunS/iu?Z~iiin~dm14%a~dm I hfi 

JY~dnmtou~inoz7tmm I fua lr;i%aldA I fuafiunihouhoonlnn' 2 h a  d?uuuniiu 

nh~dmu1#mihou~moon~n6 I fue~~rijnnwu~ino:;iimw 1 h n  irtidlnu 1 funfu 

mihodmoonla62 fua u m b l ~ l t ~ ~ u  4 fun~~uu~riifuiiloO 2 ~NALLA:D:?LW~ I fun~iuu 

rvii6uiiluFi 2 fun njunm.rlununio 3.2 ua: 3.3 

4H, + 20, 4H20 (3.2) 

CH,COO- + 20, + HCO; + CO, + H,O (3.3) 





Gas phase 
Calculated by Henry's Law. 

V 
Liquid phase - 

AB,,, A+M + 0- (W, 
7 

Calculated by using reaction 

constant. 

Close system 

T,OC Air C02  CO C,H, 4 H2S CH, NO N2 O2 



d Y d1m~nn1~umnm'?no~~01muo~6ud1 ionic strength no~~~irf i : f i iuu~:q~~IJj j  mi 
" 

ionic strength no4fiitfi:~lufilUl4o~l~munl~imdln~4~%4~:fil0~1 (TDS) u & ~ ~ ~ G I u I  
1 ~ 0 U n ' t m ? 1 d 1 ~ o ~ l h l  ionic strength 





"2 

0.3C 

HAc 

0.7C 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " , ' < " ' < ' " < ' " ~ ' < ~ < ~ < ~ < ~ < ~ < ~ < ~ < ~ < ~ < ~ p ~ ~ < " ~ < ~ < ~ < ~ < ~ < ~ , ~ ' ~ < ~ ~ ~ , ~ ~ ~ , ~ < ~ < ~ ' ~ < ~ ~  
, 1 > 1 , > , > > > > > > > > > 1 1  < < , < , < , < < < < < < < , < < < < . < <~''<'<~<'l'l '<'<a<'<'<~<'<',~<',~<'"< 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
> > > , > , > S , > , > ~ > > > > >  

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ < ~ ~ ~ r ~ ~ < , < 6 < , ~ , c , ~ , ~ 6 ~ 6 ~ , ~ , ~ 6 ~ , ~ , ~ , ~ 6 ~ 6 ~ , < 6 ~  

~ . . ~ . , ~ . . ~ , ~ . . ~ . , ' , ~ ~ ' ~ ' > ~ > ~ . ~ , . . , ' , . ~ ~ ~ ~ ~ ~ ~ ~ ~ > ~ ~ ~ . . ~ ~ 4 . . ~ ~ ' $ ~ , ~ , ~ ~ ~ ; ' , ~ ~ ~ , ~ ~ ~ . . ~ , . ' . ~ ~ ~ . . ~ . , ~  



"2 

0.3C 

qinmimd 3.7 ua: 3.8 der~muiduuuao?una~u~nrniteii~ 1 dlijmiu riuiiqmt 
" 

n i ~ n r ? r u ~ U i i ~ i i u i j a u ~ u  ~ ~ ~ u ~ i n ~ m ~ n i s i i u ~ ~ d ~ ~ i n m i n ~ n '  3.7 uaz 3.8 q:vii~fi 
J J  ~nnnu~uirumitlut:uu~.~~unnrdauu~'~ uoiain41.r 1 ius:adluflia, a:niu& 

un:wns~?~~viibaiuit~uiU~inPii~~dna~n~r~mnK~na~ni~u~~:~inn~na~~~ld 

HAc 

0.7C 

u ~ n d h  

SRB 

MPB 

Total 

~IMIUI~ 

bTmtiqu 

~ Z ~ L P I W  

bbtau 

0:iarmm 

U ~ ~ ~ I ~ L ~ I ~ O U W  h a )  

1 %1dm 1 nihmukmnh6 / illnu 1 labs~~ug~'Lrla' 
I 

+ 0.15C 
- .. 

+(S-0.1%) 

o 

0 

S 

--- 
- 0 . 3 ~  -0.15C 0 I O 

0 

o 

+ (C-2SP 

- (2s-0.3C) I -(S-0.1%) / +(2S-0.3C) 
I 

1 O.X+S 
I I 0.5C-s 

o 

-(C-2s) 

0 I o 

0 I +(C-2Sy2 
I 



n ~ ~ ~ ~ u ~ n r ~ ~ i n m ~ t ~ ~ r n n m ' ~ h ~ d ~ ~ ~ ~ n ~ ~ ~ 1 ~ d ~ ~ ~ n 1 ~ u m n n ' ~ ( ~ ~ ) ~ ~ 1 3 a 7 ~ ~ ~ ! ~ 9 0 ~ n ~ a d  
a 

unrbhttsuqaWiil i lwh riin.rdaa~n7turnndiq:v~odn"u~~~d~~~ua:: ionic strength 
d 

Y 

DOJR11R:RlU ¶&I ionic strength R I ~ I T ~ ~ I ~ W ~ I ~ ~ ~ I ~ ~ J L L U " . I ~ J : ~ ~ O ~ ~  

b & ~ u o ~ ~ ~ a ? l T u  ~fidiidln.rdni turnnsi?9d~b~m~19~~~1d6~~i7n'u K,, , bfmtlsuqaldh 
d -  3 v 

mnm~u'luqzuuk~un lviin'u T,,, 4:!& 

'lu~:uut~~ii7airnu M ha, fln7apr7howbaonh6 B fun ,n"7mb[ata~t~~~aldm' F tua 

utlzluImnw N LR 



L L ~  T,,, = CH ,(,) + M 

- 
TCH4 - - K,.,, X M/(M+B+F+N) (3.6) 

(M+B+F+N) - - Kb-,,, TCH4 - M, (3.7) 

* -pH . -10 /Km2 X (T,, - B) = K, - ,, X B/(M+B+F+ N) (3.8) 





Step 1 Find the quantrty of all species in the system. 

All in molell. 

COD removal Sulfate removal 

I 

- d m  yes NO 

I I 
SRB use H, MPB use H, MPB use HAc SRB use H, SRB use HAc MPB use HAc 

= 2s = 0.3C - 2s = 0.7C = 0.3C = 2s - 0.3C = C-2s 
LIIIIIIII 

I 

CO, from fermentation CO, in term of bicarbonate alkalinity co, 
=C/3  = Alk(mg/l as CaC0,)/50,000 = 0.2C + S 

3 

Total 

N, from atmosphere dissolve 

in wastewater 

Th,,=0.78X K,,, 

Total CO, r - - l  
T,, = C/3 + 0.2C + S + Alk150,000 1 

step II 



Step I/ Find mlationship between gas and liquid phase. 

CH ,,g, = M mole, CO,,, = B mole, H,S,,, = F mole, N,,,, = N mole Wphgse 

'CH, "'2 Liqdphase 

H,CO,' & HCO; 

H,CO,' = K,,, X BI(M+B+F+N) 

HCO; = Kc,, X H,CO,'/I oADH 

To, = H,CO,' + HCO; + B 

- 
C H 4 ( ~ )  - TCH4 - "4(9) 

- - K,,,, X MI(M+B+F+N) 

To, - M = K,,, X M/(M+B+F+N) ( a )  

(M+B+F+N) = kc,, X MI( T,, - M) ( b )  

I o.~~/K,, TH2S = l"-"t~Hx + Kh .HxlKh- cH4 X (TcHd - M)IM X F (h) 

1 + 1 O-~~/K,,~ 1 + 1 O-'~/K,,, 

*2 (aq) = TN2 - N2(g) 

- - Kh-~2  X N/(M+B+F+N) 

T,, - N = q-,, X NI(M+B+F+N) (c) 

= TN2'fKh-N4 ( TCW -MItM + 13 -(dl 



Step 111 Trial and error. 

1. Assume M and substitute in equation (d) (f) and (h), we can get B, F and N. 

2. Substitute M, B. F and N in equation (a), (c), (e) and (g) respectively, then we get MI 

(M+B+F+N), N/(M+B+F+N), BI(M+B+F+N) and FI(M+B+F+N). 

3. The sum of each value from No. 2 must be equal to 1, if not, assume the new value 

of M until the result is 1. 

1. Assume M M 
2. Substitute M in equation (a), (c), (e) and (g) I 

$. 
Us~ng M, N, B and F to calculate proporlion of gas, liquid and ion. 



?~PaZ~tii 523 Un./a. iteioan 41 un./n. ~fitdrn~$7r:uu 85 u n . / ~ .  3m~dmoon ~2 un./m. 

k e r  6.24 nn iwdi~ lu~hd~ 273 un.1~. ludu nrruRkAmwn~in~nrrrqij~n: ionic 

-8 
strength: K~,, = 4.45 x I o - ~ ,  K,, = 9.77 x 10 , K, - ,  = I .36 x 1 &~ /~ . -u r rc l~n in .  

Kh - coz = 3.46 x 1 0' hn/~. -urtulnvi ,  K, - ,, = 0.1 03 hfi/n.-usrolnmu~:: K, - ,, = 

6.48 x 10l"fu~1a.-uoou7nifi 

= 0.2 x 0.01506 + 0.00076 = 0.00377 Tun 



sin 3.7; 

M+B+F+N = 1 . 3 6 ~ 1  0-3 X Ml(0.00677 - M) (3.14) 

qin 3.9; 

0.00804 = (0.564 + 25.4 X(0.00677 - M)/M} X B (3.1 5) 

w n  3.1 I; 

0.00065 = I0.855 + 75.88X(0.00677 - M)/M) X F (3.1 6) 

s in  3.13; 

N = 0.0005054/[0.476 X (0.00677 - M/M + I)] (3.17) 

- ufinuni~bi'lo;j$ Trial and Error 



168

LtI~uu"h M lt1~tlu 1 "l::U1Ifi'l M =0.005779, B =0.001633, F =0.00004685 Ufl:: N =
0.0004672 U1IlJflt'llJLi:lu 1

~tt1:

;ntliii~Qmjtlu~fl'lUlti 482 lJO'\"1tl 0.01506 UJfl i'llJriU'i'flLyJlIl~Qnrh\l'llt1 73 lJn.Mftl

0.00076 UJfl vh1\\'Ln/li

n'l'Diimu 0.005779 LlJflMftJ 141.3 lJfl. ;l/llli:lU 73.2 %

n'l'Df'I'lrutJu1llltltlOl'D1II0.001633 LlJflMftl 39.9 lJtI. ;ll'lLi:lU20.6 %

- ih'Dl11L/IIfL"lUitllyJ~ 0.00004685 LlJflMftJ 1.1 lJfl. ;l/llLi:lU 0.59 %

n'l'D1ULlIlfL"lU 0.0004672 LlJflM;tl11.4 lJfl. ;l/llLi:lU 5.9 %
~

- tl'tlJ'llllft'llJ =1931Jfl./fl.U'lLftU
~

i:ILVlUfl::fl'lUlh 0.000992 UJfl (24.2 us.) ;ll'lLi:lU=ilLtliil = 0.000992 X 64,000 = 63 un,
~ ~

fl'lrutlu1IIItltlnl'Dl1i'tI::fl'lUU'l(~~LLlIlnll1'lLLfl::'W UlIlnll1'l) = 0.00126 LlJfl

Li:lU H,cO; = 0.007117 LlJfl

Ufl::li:lU HCO; = 0.0055 LlJfl = 275 lJO. iiu~u
~ ~

- ifllr1r;i'tI::fl'lUlh~~"'lJ/li 0.0007136 YJ.lfl =0.0007136 X 32,000 =22.8 un.

• t1..J il i -.." .., ~.!U" "'y ....Jn1fVl'lU'lUn1fl tlUUU fl~lJ'ltl~'lf Uf::UUlll'llJ'llln1f1J'l~.,U~W1f'1'lU'lN'II tll'lVlQn

t1..J ~. I .!'I. • r .... J! ~ • .l' .: ~ J!' "r"..J t/..J ."I
I flUUwluul'DflflUUnVlLfUII1'lU 'D~lJfln'lff'l'lU'lN"l::Qn.ltl~U~lIUlnU'lltl'l'DltJl'lVlQm flUUluU

l'llflftUunVir1uJ.I'liiil'l Y/liulolfln1rnl'l~tJu~lJJ.I~3'lU~1~fi'l~U1I'l'ln~'lu'i4'udlJ'lfi'lU'lNU~l'l~IIi~

111fl1olU'ln 11
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