










































r A n?n nmu nmu o'nnn7.r h n n i s  o'nn drrhiimw noubnn 0 :  N 

6 u  idwWIu H I U ~ U  VIUri7u nimrod n i ~ y d u  nirrau ratio 

(ppt.1 Cu2s04 (m+wg'hr) (W (Ilh-g) LI (atomic) 

(WO NHdg'h) (J1g.h) 

1 32 0 1.46 0.03 2.19 0.80 14.85 5.86 

2 32 0 1.79 0.01 2.14 0.80 12.08 21.53 

3 32 0 0.50 0.01 1.24 0.80 13.78 19.53 

4 32 0 2.73 0.12 2.46 0.56 -35.81 1.64 
.4 

bORU 1.64 0.04 2.01 0.74 1.23 12.14 

5 24 0 2.63 0.13 2.33 0.52 -39.08 1.54 

6 24 0 1.46 0.12 1.65 0.49 -15.70 1.88 

7 24 0 2.36 0.14 2.05 0.90 -15.48 I .67 

8 24 0 2.33 0.07 2.20 0.99 5.46 3.48 

9 24 0 0.91 0.05 1.46 0.95 15.24 4.57 

r a i u  1.94 0.10 1.94 0.77 -9.91 2.63 

10 16 0 0.26 0.13 1.31 0.99 15.38 0.43 

11 16 0 0.66 0.16 1.22 0.96 5.45 0.94 

12 16 0 1.61 0.15 2.16 0.94 -4.92 0.97 

13 16 0 2.03 0.16 2.27 0.99 -10.44 1.05 

14 16 0 1.87 0.11 2.44 0.74 -11.64 1.22 

I Q ~ U  1.29 0.14 1.88 0.92 -1.23 0.92 

15 32 I 0  0.15 0.12 1.57 0.77 -19.55 0.06 

16 32 10 0.45 0.22 0.37 0.99 -24.64 0.29 

tO4u 0.30 0.17 0.97 0.88 -22.10 0.17 





ANALYSIS OF VARIANCE - 
SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

REGRESSION 2081.666 1 2081.666 42.590 0.000 

RESIDUAL 2834.831 58 
P 

48.876 -- 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

REGRESSION 31.556 1 31.556 0.576 0.452 

RESIDUAL 2518.401 48 54.748 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

REGRESSION 6187.809 1 6187.809 40.733 0.000 

RESIDUAL 7284.802 48 151.763 



ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

REGRESSION 11 15.740 1 1 1  15.740 2.779 0.1111 

RESIDUAL 8030.142 20 401.507 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

REGRESSION 482.327 1 482.327 1.805 0.204 

RESIDUAL 3206.083 12 ------ 267.174 ---- 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

REGRESSION 6.203 1 6.203 0.017 0.899 

RESIDUAL 4458.860 12, 371.572 



i 
RITIJ~ 721 n i ~ ? ~ f l m z ~ f l ? i u u d ~ d ~ ? u ~ ~ ~ r i i  0 : N Ratio lunou~ilirdzni?~ 

i niin L. m~accana nn-Jiu~n'uoii4 q 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

REGRESSION 1.263 1 1.263 2.388 0.138 

RESIDUAL 10.576 20 0.529 

RITIJ~ 821 ~11~~f l~ l r~f l?1u~d5d5?~1104~1 0 : N Ratio ~ ~ t l ~ ~ l l i l l z d ~ n ~ ~ ~  

S. mytiloides dfl?iu~ffuvh~ 

ANALYSIS OF VARWCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

REGRESSION 7.801 1 7.801 1.714 0.215 

RESIDUAL 54.625 12 4.552 

611514d w n i ~ ~ ~ ~ m ~ ~ ~ - ~ i u ~ ~ ~ ~ ~ ~ ~ u ~ a ~ r i i  o : N Ratio I u n ~ u i l i z ~ z n i ~ ~  
i airn G. cuneiformis nn?iumn"uvii~ 7 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARC F-RATIO P 

REGRESSION 265.334 1 265.334 9.131 0.01 1 

RESiDUAL 348.707 12 29.059 



ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

REGRESSION 32.732 1 32.732 0.041 0.841 

RESIDUAL 16607.332 21 790.825 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

REGRESSION 576.764 1 576.764 0.174 0.683 

RESIDUAL 46307.916 14 3307.708 

ANALYSIS OF VARiANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

REGRESSION 2468.808 1 2468.808 0.212 0.54 

- RESIDUAL 128129.590 11 11648.145 



011~1ud 13% n ~ ~ ~ r n ~ t Y i n ? ~ u ~ d ~ d ~ ? u Y o ~ F i ~  0 : N Ratio lunourai:d:n~i~ 
n ~ a  L. malaccana d n ~ ~ u r < u < u ~ o ~ m s a z n ~ u  CU~SO, d74 7 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

REGRESSION 88.073 1 88.073 4.208 0.053 

RESIDUAL 439.570 21 20.932 

(n151d 14u nl~iln~z~nCn?7u~d5d5?uYo4ril 0 : N Ratio ~ u n o o r ~ ~ : d : n ~ %  
i 

airm S. mytiloides nfl71~rfi<uY0.1m~azaio CuZS04 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

REGRESSION 308.291 1 308.291 2.998 0.105 

RESIDUAL 1439.685 14 102.835 

m151ui 15% n l 5 ~ ~ J 1 : 6 ~ ~ 1 u l ~ d 5 d 3 ? ~ Y ~ 4 ~ 1  o : N Ratio lunourolzd:n~i~ 
i 

aiim G. cuneiformis nn?lur~uuir% 84 r n ~ a z n ~ u  Cu2S04 $14 q 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

-- .- 
REGRESSION 0.000 1 0.000 0.253 0.625 

RESIDUAL 0.004 11 0.000 



ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE OF MEAN-QUARE F-RATIO P 

,.......... ... .. ... ..... ........ ... .......... . .. . ... ... ... .. . ..... ... ... ... ..... ... ... .- ... .. ... ...... .- ., .. ... .. . .. ...... ... ... ...... ... . .... . 
REGRESSION 94101.956 1 94101.958 43.781 0.00 

RESIDUAL 111767.694 52 2149.379 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

1 REGRESSION 614.641 1 614.641 3.994 0.054 

RESIDUAL 5232.477 34 153.896 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF. MEAN-QUARE F-RATIO P 

REGRESSION 6759.776 1 6759.776 1.677 0.206 

RESIDUAL -- 116909.341 29 4031.357 ---- ..----- 



m i ~ i a d  1011 nis5~nn:~f l7 iudfdf?uwa~~i  0 : N Ratio lunau~~1izd:ni?~ 
J aQm L. ml~ccana ~ w R ~ ~ u v Q J ~ ~ ~ ~ ~ ~ ~ ~ ~ u u R ~ R ? ~ u L $ u $ u I I o J ~ ~ P : R ~ ~  

Cu2S0, T:<U~~IJ q 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

-- 
REGRESSION 604.953 I 604.953 21.063 0.000 

RESIDUAL 1493.373 52 28.719 

m ~ ~ ? a d  2011 n i ~ ~ n ~ l : & ? i ~ ~ d f d ~ u w ~ ~ d i  0 : N Ratio ~~n011181~d:nii~ 
4 %En S. myti/oides nu~~?uuo~fl7iu~6uu~m?iuru'rJu'uuo~mf~~i~ 

cu2so, 6f : '~oi l J  7 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

REGRESSION 2.453 1 2.453 0.147 0.703 

RESIDUAL 565.499 < .34 16.632 

m i n d  2111 nif?~~~l:6fli~177uudfdf~uva~rii 0 : N Ratio lu~ours7zd:n15~ 
J 

Y l k l  G. cuneifomis ~ U R ~ ~ U ~ Q J ~ ~ ~ U L ~ ~ ) L L B ~ R ~ ~ U L ~ ~ ~ U ~ ~ ~ J K ~ ~ R ~ R I U  

cu2s0, 4s:~uoiw q 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARE DF MEAN-QUARE F-RATIO P 

REGRESSION 182.269 1 182.269 9.087 0.005 

RESIDUAL 581.682 29 20.058 



r w 

~ ~ ~ ~ ~ ^ ~ I R ~ I ~ ~ I I ~ s I ~ ~ I ~ u ~ P I P I I Q ~ ~ ~ ~ I J  (Strickland and Parson, 1972) 

5~lduri~~n~iu~u'uu'uuu'uu'uu 0.1-10 MI (ppm) 

wR'nnis 
" 
din:l~o:pn@%lu Alkaline citrate medium ku Sodium hypochlorite LLR: 

Phenol l{oilu~d%oJ sodium nitroprusside ~ : ~ ~ L ~ ~ U K I J R : R I U ~ I  (indophenol formed) 

qnlnsnd 
Flask 125 % ~ G ~ I s  3 7% 
l in tu  

nis~iiu&oej~s 
rn"um'?ou1~~1n~~~~%u1.a'112~~~n'7~ia Polyethylene rt~rn?silnm:6nidu 1-2 

& T ~ J  fio~~iiu~?'u7uni1u"n7~o::~~.d~u"u~i~d~rin~s~iiu~?'~~lu?~~ 

Reagent 

1. De-ionized water 

rli~in~u;:uui~duou~u~~uaan~~ucjiu'Iuno~'u~~~~s~ 3 u( cat id e xchange 

resin) ul1d5:ulru 30 ~ ~ u ? ~ u s l s  i~~riw~iu~ulin~1Jds:ulru 1-2 L T U ~ ~ L U V I ~  

2. Phenol solution 

a:Rlu HJ Crystaline analytical reagent grade phenol 20 n?;:uu lu Ethyl alcohol 

95% V N  200 ijaGiws 
3. Sodium nitroprusside solution 

RZR'lU Sodium nitroprusside (Na2Fe(CNkN0.2H20) 1.0 ~?u'~u<I~%?U De- 

ionized 200 ii~G'Rms L ~ ~ Y J ~ + ~ I u v ~ w I A I  ~muisn~~ul?Y6uiu I L ~ O U )  

4. Alkaline reagent 

a:aiu Sodium citrate 100 nYaJ LLR: Sodium hydroxide (Al grade) 5 n+u lui'l 
nth  De-ionized 500 ij~%rn3 

* I46~1aon 
5. Sodium hypochlorite solution 



-~%m58zalu Hypochlorite (e.g. chlorox) ~?-IULY&'UU~~:UI 1.5 N (fimn 

mznnu n?sarruuirioul$) 

-R:RIU Sodium thiosulphate (Na2S20,5H20) 12.5 n?uIurf; chlorox r?urngn 
" 

YOJ Potassium iodide (KI) df:ulm 2 n%J~uItl 50 i ja ism~uRj  pipetti 1.0 i i a i imsadu 

Hypochlorite solution 

- Hypochloric acid 5-10 ~~~Lt~: \n lm591 Iodine ~RZ:~?UKISR:RIU 

Thiosulphate 
J.. 

P U ~ ~ ~ ~ ~ ~ ~ R ~ ~ ~ U L ~ ~ ~ ~ ~ L ~ ~ D J ~ ~ ~ O U L ~ J U R I ~ R : R ~ U ~ R \ ~ ~ ~ ~ J J ~  

Hypochlorite &\dif!oI$ Thiosulphate \duRjbnio~aun-il 12 ijaism5 

6. Oxidizing solution 

UAUKlsAzRlUPln Reagent lh 4. d3:ulm 100 $a%ol7fk Reagent #a 5. 

115zrnnr 25 ~niimrrrRY?~a~l~Ivl'crirnn~'~n~~Ia'u~zn~~~~uI~~jriouIa'~nnr"~ 

+~~la.rm?'s 
Y 

-n?~ f l o4n 'un15du l~~u~oJ  Reagent ~ ~ : ~ ? 0 ~ i l ~ i l i 1 l n  Ammonia (PlnDlnln 

n%Iu ;duo~~n3orrouTu\Su) 

- L ~ " ~ R I S R ~ R ~ U ' ~ U Y ? ~ ~ L L R ~ ' ~ J ~ ~ ~ ~ ~ ~ ' R ~ ~  

-\fifl?~filn15n~~oJ~ou6~nl5~a'Ammonium hydroxide 

- r n ~ o ~ r r n i n ~ r A i ~ 6 ~ u n s n ~ ~ o a 1 ~ u a z  Rinsed ~ ? i j ~ ~ n h ~ n ~ n f ~ r i o u n i ~ ~ %  

%8m.r%r~nrd 
-~aii7n:l86?oul~ 50 i ia i ims Erlenmeyer flask 

-r?u Phenol solution 2 ijai'dms &U Pipette l ~RY?~u~ i~v l ' ~ f i h  
Sodium nitroprusside solution 2 h'A'lm5 (a) ria: Oxidizing solution (b) 5 

ij@ii,, waul.n'ru"1nir 

- L ~ ~ u ~ ? ~ ? ~ u ~ J ~ ? ~ ~ N H ~ G ~ ~ ' o J  1 47ba (d) 'iJndln Flask $ 7 ~  nnszniw Foil 

- 1  Spectrophotometer ~ n 7 l u u l 7 n i u  640 UI~ULUPIS rnut%raa& 

YUIR 10 L'IIU?LUO~~ 

- ~ ~ ~ ? ~ u L z ~ u Y Y u ~ u u u o u P ~ ~ ~ ~ s ~ ~ ~ ~ ? J c ~ ? ~ ~ ~ ' U U ~ U ~ ? O  Blank ~ ~ 8 z d i ~ ? u n l f j 1  

n?lu L & ~ Q J  Ammonia-nitrogen 31n$m5 

F x E = pg-at Nlliter 

$4 E 61ikmlvYi1j~ 

F 60 f l l ~ ~ n \ & i n n l s  Calibration 



* i'r~.a'irfl.n:ri  min no acid UA: Urea \ i \$ (e) 

Notes 
i 

a : Sodium nitroprusside nfl?lut$uu'u 0.5% t ~ u ~ ~ ~ d i l : l ? l d ~ ~ u i ~ ~ : % ? ~ ~ <  Blank 

n 4 i i i  Fi~fl?iur&Juiruo~ Blank difiifl?1uru'uuir~4nilQzijn?lu\rjfl4~?~gJil?~luln 
2 
Y U  

b : ?nm'lWunr Strength V ~ J  Sodium hypochlorite rI~l$tftndfiEui Reaction ~u&n:rR 

rwm:aztuni.rr~ool4 Hypochlorite ~ufiuinrduln&mul5n~li!~~oi~1z~o~!~1<Fi1 pH 

riiu 9.8 
" " & a  4 

c : nlwiun?ortu Reagent ~~o~n~si~ndu~n~n5:ni l4r l lnz~n~nzt l1nnuf l~  n pH PJ 

a:rftnd~n"ru~r% rtdar!rjum~u~tilu'r~~lu~~nku unzu~n~l<tfiui~ ni5fi-1 Blank \rj 

gncn'o~ rra:dciiuo~ Ammonia odq41uiln:rn n?s1#1 pH 1$tnuirru#o 9.8 hn5d1 
nzrnttn: 10.4 ~uEi7nh ( ' ~ ~ I L ~ ~ F ~ Q - I ~ ~ ~ Y ~ I J  Nitro-prusside) 

d : d~n"ru i r f tn~uysdn 60 ui! u ~ ~ : n ~ ~ ~ o ~ ! d i r i i u  24 &i?ru~ 

Deterrnlnatlon of Blank 

Reagent blank 

- ~ ~ i j ~ i t d u t t t ~ ? n ' ~  I, 2 uoi~griinh Dbionized ~~III+IM~~~ 

Callbratlon 

1. Standard ammonia solution 

- RzR IU  Ammonium sulphate (AE grade) 0.1000 n ? ~ ~ U ~ l n & u  1,000 i j ~ i Z m 5  

u Chloroform 1 5 ~ f i ~ ~ u ~ 7 ~ ~ l n ? a \ r j l [ n ~ ~ u ~ n ~ ~ r ~ l ~ $ m u 7 ~ n ~ ~ ~ ~ ~ 6  

nniuttau 

1 ml 2 1.5 pg-at Nlliter 
" 

- Pipette m ~ ~ r n ~ u f i ~ ~ u u ~  1.00 G~a?t013 ldu Flask 500 G~%ol5 rftudinrra 

1: ~'ollu&o~nl.r (to the mark) 

ilz\%m?lutfiu'uuo~ Ammonium tni61.1 3.0 pg-at Nlliter 

2. niritnn:ri 

- 11~4m5R:nlu Ammonia t~o914ui 50 ija%ws I ~ u  Erlenmeyer flask uu'ln 

125 5niBv1~ 4 1I.l 
- ~ u 4 ~ i n z ~ n i 1 a ? u n i S ~ i o i l 1 4 m ~ ~ : ~ 1 u u l m 5 ~ 1 ~ ~ ~  Erlenmeyer flask vuln 125 

i j 8 z i ~ 5  2 ill f i ~ l V I 5  50 5 ~ 5 3 ~ 5  



d o  Es = ~ i i ~ a b u ~ I v i ' ~ 7 n  standard 

Eb = c i i ~ a b u d l ~ ~ i n  blanks 

ci i  F G;r?n(n'o~ vi'a~I&tY~Gu~rYu 4.5 
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