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gl 1 2 3 4 > °
1611720021 ¢ 14 102 0.0% 93 0.1% 93 0.2+ 93 0.0% 102 0.2% 574
2611720021 ¢ o4 117 0.1+ 108 0.0% 108 0.7+ 93 0.1% 93 0.2% 781
8/12/2002 0.5% 229 0.1% 215 0.1% 229 0.0% 170 0.2% 200 0.0% 2442
1411212002 |6 14 237 0.1% 222 0.5% 229 0.2% 200 0.1% 200 0.1% 2479
2U1212002 | 14 133 0.6+ 137 0.1% 133 0.1 129 0.0% 129 0.0% 2132
28/1212002 | 14 199 0.5% 125 0.1% 129 0.0% 117 0.1%* 113 0.1% 1111

41112003 0.0% 154 0.1% 154 0.1% 158 0.6% 150 0.3% 137 0.0% 1414

11/1/2003 0.2+ 158 0.1% 158 0.1% 162 0.1 154 0.1 141 0.1* 960

18/1/2003 0.1% 162 0.0% 162 0.1% 162 0.1 145 0.2+ 141 0.2+ 2182

25/1/2003 0.5% 170 0.5% 170 0.2% 166 0.2% 147 0.3t 152 0.1% 1311

1/2/2003 0.1t 184 0.0% 175 0.0% 179 0.2% 175 0.0% 161 0.1% 2346

8/2/2003 0.0 170 0.1% 175 0.2+ 189 0.0 179 0.2+ 166 0.0+ 2001
S el B Y1 iad 2SI U o Y O bl 5 B gy ASI1 et (2) J gt

> o 1 2 3 4 5 | 6
16/11/2002 0.2+ 543 0.1% 562 0.1% 580 0.0 479 0.2+ 10 03+ 14
26/11/2002 0.2% 522 0.1% 497 0.3t 511 0.2% 489 0.0t 8 0.1t 22
8/12/2002 0.3% 443 0.1% 429 0.0t 546 0.1% 407 0.0t 8 0.1% 21
14/12/2002 0.1% 416 0.2 409 0.2+ 391 0.0% 423 0.1% 4 0.1% 22
21/12/2002 0.1 636 0.2+ 636 0.2+ 636 0.3+ 628 02t 7 01t 7
28/12/2002 0.1% 612 0.5% 629 0.0% 621 0.1% 612 0.1% 4 0.0 0

41112003 0.1% 451 0.1% 469 0.1% 432 0.6% 496 0.1% 4 0.1% 4
11/1/2003 0.1% 425 0.1% 434 0.2+ 443 0.2% 443 0.0t 7 05% 11
18/1/2003 0.5+ 392 0.1% 392 0.2+ 383 0.1% 400 0.1% 2 01t 2
25/1/2003 0.1% 421 0.1% 430 0.0% 421 0.5% 421 0.0% 4 0.1% 4
17212003 0.1% 473 0.0% 491 0.0+ 464 0.2% 491 0.0% 4 01t 6
8/2/2003 0.2% 646 0.2+ 646 0.0% 655 0.2+ 500 0.0% 12 0.2% 4
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1 2 3 4 5 6
Faoul)
16/11/2002 | 0.0+ 190.0 0.1+ 134.0 0.1+ 134.0 0.2+ 107.0 0.2+5.0 0.2£2.0
26/11/2002 | 0.2+ 122.0 0.1£129.0 0.1+ 130.0 0.2£119.0 0.3:t2.0 0.1+£1.0
3/12/2002 | 0.1+ 107.0 0.2+ 92.0 0.2+ 103.0 0.1+ 83.0 0.1+1.0 0.2£1.0
14/12/2002 | 0.2+ 116.0 0.1+ 90.0 0.1+ 73.0 0.1+ 67.0 0.1+1.3 0.1+£1.5
21/12/2002 | 0.1+170.0 0.2+ 170.0 0.2+ 170.0 0.2+ 163.0 0.3+2.0 0.1+1.0
28/12/2002 | 0.1+ 200.0 0.2£190.0 0.2+£173.0 0.1+£190.0 0.3t 0.7 0.0£0.0
4/1/2003 0.1+£101.0 0.1+ 97.0 0.1+ 108.0 0.1+£105.0 0.2£0.7 0.0£0.0
11/1/2003 | 0.1+ 103.0 0.1+ 99.0 0.1+ 103.0 0.4+ 96.0 0.5£2.0 0.1+ 3.0
18/1/2003 | 0.2+ 104.0 0.3£104.0 0.1+ 96.0 0.2+ 100.0 0.0+0.0 0.0+0.0
25/1/2003 0.5+ 97.0 0.1+ 97.0 0.5+ 94.0 0.2+ 101.0 0.1+ 0.8 0.1+ 0.6
1/2/2003 0.8+ 68.0 0.1+ 62.0 0.1+ 91.0 0.1+ 99.0 0.2£0.9 0.1+ 0.7
8/2/2003 0.2+ 153.0 0.1+ 138.0 0.2+ 138.0 0.2+ 113.0 0.5+ 3.0 0.1+ 0.7
Skl DAY e £ 0l s g B gy Sl fIST1 1S 5 (4 J g
Ay ’ 1 2 3 4 5 6
16/11/2002 0.1* 116 0.2+ 111 0.5% 109 0.0f 116 0.2+ 111 0.1% 997
26/11/2002 0.5% 126 0.1% 126 0.2% 132 0.2+ 141 0.7% 144 0.2% 1404
8/12/2002 0.3% 138 0.0% 138 0.1% 144 0.7% 135 0.1% 147 0.1* 1573
14/12/2002 0.2+ 159 0.1% 150 0.0% 150 0.0f 162 0.3% 162 0.2+ 1844
217122002 0.0% 197 0.1% 178 0.3% 187 0.2t 178 0.1* 169 0.0% 1535
28/12/2002 0.1* 164 0.8% 182 0.2% 182 0.1% 174 0.1% 155 0.0% 1563
4/1/2003 0.2+ 155 0.2+ 173 0.3* 164 0.1% 101 0.2+ 101 0.1% 2145
11/1/2003 0.0% 183 0.1+ 174 0.1% 193 0.1% 183 0.5% 193 0.1+ 1394
18/1/2003 0.1% 178 0.1% 187 0.1* 168 0.1% 178 0.2% 178 0.2% 2784
25/1/2003 0.1% 160 0.5% 151 0.2% 151 0.2+ 151 0.1% 151 0.1* 1386
1/2/2003 0.5% 208 0.5% 198 0.1% 189 0.2+ 198 0.7% 198 0.1+ 2650
8/2/2003 0.1% 236 0.1% 245 0.5% 245 0.2+ 245 0.4% 264 0.0t 2586
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1 2 3 4 5 6
Fll
16/11/2002 0.3+ 360 0.7+ 380 0.2+ 410 0.0+ 400 0.7+ 380 0.3+ 900
26/11/2002 0.1+ 350 0.1+ 420 0.3+£400 0.1+ 397 0.2+ 240 0.2+ 1440
3/12/2002 0.1+ 380 0.1+ 284 0.1+ 244 0.1+ 246 0.0+ 368 0.1+ 1200
14/12/2002 0.2+ 327 0.0+ 323 0.0+ 294 0.4+ 360 0.4+ 374 0.1+ 1297
21/12/2002 0.4+ 406 0.5+ 393 0.5+ 453 0.4+ 400 0.3+ 407 0.0+ 873
28/12/2002 0.1+ 408 0.2+ 353 0.2+ 364 0.2+ 353 0.0+ 280 0.0+ 801
4/1/2003 0.1+ 369 0.3+ 322 0.3+ 448 0.3+ 396 0.2+ 400 0.2+ 839
11/1/2003 0.0+ 330 0.1+ 298 0.2+ 309 0.3+ 339 0.2+ 324 0.2+1128
18/1/2003 0.0+ 345 0.6+ 387 0.4+ 306 0.3+ 380 0.6+ 344 0.3£1991
25/1/2003 0.3+ 362 0.2+ 367 0.1+ 403 0.2+ 347 0.5+ 438 0.1+ 1580
1/2/2003 0.5+ 395 0.1+ 386 0.2+ 425 0.2+ 400 0.1+ 353 0.3£1615
8/2/2003 0.1+ 357 0.3+ 369 0.1+ 386 0.2+ 331 0.2+ 332 0.2+1003
LAl VAN ded + O llL s B D1 1 581 5(6) J g
= 1 2 3 4 5 6
16/11/2002 0.02+13.0 0.01+11.2 0.01+12.6 0.01+12.2 0.01+15.0 0.03+30.4
26/11/2002 0.02+17.0 0.02+ 18.0 0.03+ 16.2 0.02+ 16.0 0.03+ 15.0 0.02+ 33.0
3/12/2002 0.01+14.4 0.02+17.0 0.01+12.2 0.01+ 16.2 0.02+ 10.0 0.01+21.0
14/12/2002 0.03+ 16.2 0.01+ 15.0 0.02+ 15.0 0.02+11.0 0.04+ 16.0 0.03+28.0
21/12/2002 0.01+19.0 0.01+11.0 0.01+12.7 0.02+16.0 0.02+16.0 0.02+18.0
28/12/2002 0.01+14.0 0.01+7.2 0.02+ 6.2 0.01+5.5 0.01+3.2 0.01+6.2
4/1/2003 0.01+14.0 0.01+7.3 0.03+12.0 0.01+7.3 0.02+12.0 0.01+18.0
11/1/2003 0.01+ 8.0 0.01+7.1 0.01+8.1 0.01+8.1 0.01+ 3.2 0.01+9.2
18/1/2003 0.02+ 13.0 0.02+ 2.3 0.02+5.2 0.02+2.1 0.01+7.0 0.01+9.0
25/1/2003 0.01+7.2 0.01+12.0 0.01+ 16.0 0.02+5.0 0.01+5.0 0.02+ 10.0
1/2/2003 0.03£3.5 0.01£3.0 0.01+£ 3.0 0.01+3.5 0.01+£4.0 0.01+5.0
8/2/2003 0.02£5.0 0.02£5.5 0.01£4.0 0.02+4.2 0.02+6.0 0.01+7.0
Syl OB SN e d + Ol ¢ Bl g Sl gl (ST 5 (T Jgd
| 1 2 3 4 5 6
16/11/2002 0.01£ 0.5 0.02£1.0 0.01£0.4 0.01+ 0.6 0.01£0.5 0.03£3.5
26/11/2002 0.01£ 2.0 0.03+£1.4 0.02£1.5 0.03£1.9 0.02£1.9 0.02£11.0
3/12/2002 0.02+2.0 0.02+1.5 0.02+2.7 0.02+1.3 0.03+2.0 0.04+54.0
14/12/2002 0.01£0.5 0.01£0.3 0.01£0.4 0.01+0.8 0.02£1.0 0.02+ 20.0
21/12/2002 0.02+0.9 0.02+1.5 0.01+0.4 0.01+1.2 0.01+0.8 0.02+ 30.0
28/12/2002 0.01+0.4 0.01+0.4 0.02+£1.4 0.01+ 0.6 0.01£0.4 0.01£6.0
4/1/2003 0.01+0.3 0.01+0.2 0.01+0.2 0.01+£0.1 0.01+0.8 0.01+4.4
11/1/2003 0.01+0.4 0.01+0.3 0.01£0.4 0.01+0.3 0.02£ 2.0 0.02£9.8
18/1/2003 0.01+0.2 0.01+0.4 0.01+0.4 0.01+0.2 0.01+0.4 0.02+ 14.0
25/1/2003 0.01+0.2 0.01+0.6 0.01+0.5 0.01+0.7 0.01+0.7 0.01+9.0
1/2/2003 0.01£0.2 0.01£0.2 0.01£0.2 0.01£0.2 0.01£ 0.9 0.01£4.0
8/2/2003 0.03+x1.0 0.01+£0.3 0.01+0.5 0.01+0.2 0.01+0.9 0.01+7.0




75

8 a g3 gaaal) g8 il Cld ol (1
;.‘-L?;.'-I s S.S 215-‘.:'-' EEgS .',-'.:._'.'.' },..‘::.- F F % F Sraadf _}5;
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Treatment 6815.5 5 1363.1 35.2 311 9.1
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S.V. at. M.S. &yt A gk
Treatment 5096.4 4 1274.1 1061.7 3.48 1.62
Error 12 10 1.2
Total 5106.4 14
rad) &) 3) (B Q) g o g0 gaal) il gy S il b Julas (3
o pha SS ETRE A by b e F F % F Sy i il
SV. a.f. M.S. & gl il g
Treatment 1879.6 4 469.9 180.73 3.48 2.39
Error 26 10 2.6
Total 1905.6 14
) &) (A ) 985l g a gpa guall Sliga S Bl il JalaS (4
;._-'._.;"- prey S.S. ETRE A e Lz.‘::.- F F % F Sy dp
SV. d.t. "M.S. & st & g
Treatment 1588.7 2 794.4 1444 5.14 1.177
Error 33 6 0.55
Tota 1592 8




1

L Jral) i) Y] Aad + o gl il gy IS AV () galally £ 0 a g0 IS Lac Y ]

o 1 2 3 4 5 6
16/11/2002 0.1% 102 0.0+ 93 0.1+ 93 0.2+ 93 0.0 102 0.2+ 574
26/11/2002 0.2% 112 0.1% 108 0.0t 108 0.7+ 93 0.1+ 93 0.2t 781
8/12/2002 0.5+ 229 0.1% 215 0.1+ 229 0.0 170 0.2+ 200 0.0 2442
1471212002 | 14 537 0.1 222 0.5% 229 0.2+ 200 0.1+ 200 0.1 2479
2111212002 | 4 14 133 0.6% 137 0.1% 133 0.1% 129 0.0% 129 0.0% 2132
281212002 | 4 14 129 0.5% 125 0.1% 129 0.0% 117 0.1% 113 0.1% 1111

4/1/2003 0.0+ 154 0.1% 154 0.1% 158 0.6 150 0.3+ 137 0.0% 1414
11/1/2003 0.2+ 158 0.1% 158 0.1% 162 0.1% 154 0.1 141 0.1+ 960
18/1/2003 0.1% 162 0.0% 162 0.1% 162 0.1% 145 0.2% 141 0.2% 2182
25/1/2003 0.5% 170 0.5+ 170 0.2+ 166 0.2+ 147 0.3+ 152 0.1% 1311
17212003 0.1% 184 0.0% 175 0.0 179 0.2+ 175 0.0% 161 0.1% 2346
8/2/2003 0.0% 170 0.1% 175 0.2% 189 0.0% 179 0.2t 166 0.0t 2001
Syl O £ dad 2 s S Cgp ST AN 0 gl 6 B UST1 B ] (2) | gl

o) o 1 2 3 4 5 6
16/11/2002 0.2% 543 0.1% 562 0.1% 580 0.0% 479 0.2% 10 0.3% 14
26/11/2002 0.2% 522 0.1% 497 0.3t 511 0.2% 489 0.0t 8 0.1t 22
3/12/2002 0.3% 443 0.1% 429 0.0% 546 0.1+ 407 0.0% 8 0.1% 21
1471212002 | 14 416 0.2+ 409 0.2+ 391 0.0 423 0.1 4 0.1% 22
21/12/2002 0.1% 636 0.2% 636 0.2% 636 0.3% 628 0.2% 7 0.1% 7
28/12/2002 0.1% 612 0.5+ 629 0.0% 621 0.1% 612 0.1% 4 0.0t 0

4/1/2003 0.1% 451 0.1% 469 0.1% 432 0.6+ 496 0.1% 4 0.1t 4
11/1/2003 0.1% 425 0.1+ 434 0.2+ 443 0.2+ 443 0.0+ 7 0.5+ 11
18/1/2003 0.5% 392 0.1% 392 0.2% 383 0.1% 400 01t 2 0.1t 2
25/1/2003 0.1 421 0.1% 430 0.0% 421 0.5% 421 0.0t 4 0.1t 4
1/2/2003 0.1+ 473 0.0+ 491 0.0+ 464 0.2+ 491 0.0t 4 0.1%6
8/2/2003 0.2t 646 0.2% 646 0.0% 655 0.2% 500 0.0t 12 0.2t 4




(bl OV Aad £ 0 lll ¢ 5 30 g 2 oS S5 (B) g

1 2 3 4 5 6
gl
16/11/2002 | 0.0+ 190.0 0.1£134.0 0.1£134.0 0.2+£107.0 0.2+£5.0 0.2£2.0
26/11/2002 | 0.2+122.0 0.1+ 129.0 0.1+ 130.0 0.2+ 119.0 0.3+2.0 0.1+1.0
3/12/2002 | 0.1+107.0 0.2£92.0 0.2+£103.0 0.1+ 83.0 0.1+1.0 0.2£1.0
14/12/2002 | 0.2+ 116.0 0.1+ 90.0 0.1+ 73.0 0.1+ 67.0 0.1+1.3 0.1+1.5
21/12/2002 | 0.1+170.0 0.2+ 170.0 0.2+ 170.0 0.2+ 163.0 0.3+2.0 0.1+1.0
28/12/2002 | 0.1+ 200.0 0.2+£190.0 0.2+£173.0 0.1+£190.0 0.3t 0.7 0.0£0.0
4/1/2003 0.1+ 101.0 0.1+ 97.0 0.1+ 108.0 0.1+ 105.0 0.2+ 0.7 0.0£0.0
11/1/2003 | 0.1+ 103.0 0.1+ 99.0 0.1+£103.0 0.4+ 96.0 0.5£2.0 0.1+£3.0
18/1/2003 | 0.2+ 104.0 0.3+ 104.0 0.1+ 96.0 0.2+ 100.0 0.0+£0.0 0.0£0.0
25/1/2003 0.5£97.0 0.1+ 97.0 0.5£94.0 0.2+£101.0 0.1+ 0.8 0.1+ 0.6
1/2/2003 0.8+ 68.0 0.1+ 62.0 0.1+ 91.0 0.1+ 99.0 0.2£0.9 0.1+ 0.7
8/2/2003 0.2+ 153.0 0.1+ 138.0 0.2+ 138.0 0.2+ 113.0 0.5+ 3.0 0.1+ 0.7
Skl OV Y L 4 O sl ¢ 3 Bl Ol SO 38T 5 (4 J s
By o 1 2 3 4 5 6

16/11/2002 0.1* 116 0.2+ 111 0.5% 109 0.0% 116 0.2% 111 0.1% 997

26/11/2002 0.5% 126 0.1% 126 0.2+ 132 0.2+ 141 0.7% 144 0.2+ 1404

3/12/2002 0.3% 138 0.0% 138 0.1% 144 0.7 135 0.1% 147 0.1% 1573

1471212002 0.2% 159 0.1% 150 0.0% 150 0.0% 162 0.3% 162 0.2+ 1844

21/12/2002 0.0% 197 0.1% 178 0.3% 187 0.2t 178 0.1* 169 0.0% 1535

28/12/2002 0.1* 164 0.8% 182 0.2+ 182 0.1+ 174 0.1% 155 0.0t 1563

4/1/2003 0.2+ 155 0.2+ 173 0.3% 164 0.1% 101 0.2+ 101 0.1% 2145

11/1/2003 0.0% 183 0.1% 174 0.1* 193 0.1* 183 0.5% 193 0.1% 1394

18/1/2003 0.1% 178 0.1% 187 0.1* 168 0.1% 178 0.2+ 178 0.2+ 2784

25/1/2003 0.1% 160 0.5% 151 0.2+ 151 0.2+ 151 0.1% 151 0.1% 1386

1/2/2003 0.5% 208 0.5% 198 0.1* 189 0.2+ 198 0.7% 198 0.1% 2650

8/2/2003 0.1% 236 0.1% 245 0.5% 245 0.2t 245 0.4% 264 0.0% 2586




WSl O £ Red 4 O 5l 5 o B gy Dl 1S 1571 5 (5 J g

1 2 3 4 5 6
fo
16/11/2002 | 0.3+ 360 0.7+ 380 0.2+ 410 0.0+ 400 0.7+ 380 0.3+ 900
26/11/2002 | 0.1+ 350 0.1% 420 0.3+ 400 0.1+ 397 0.2+ 240 0.2+ 1440
3/12/2002 0.1+ 380 0.1+ 284 0.1+ 244 0.1+ 246 0.0+ 368 0.1+1200
14/12/2002 | 0.2+ 327 0.0+ 323 0.0+ 294 0.4+ 360 0.4+ 374 0.1+ 1297
21/12/2002 0.4+ 406 0.5+ 393 0.5+ 453 0.4+ 400 0.3+ 407 0.0+ 873
28/12/2002 | 0.1+ 408 0.2+ 353 0.2+ 364 0.2+ 353 0.0+ 280 0.0+ 801
4/1/2003 0.1+ 369 0.3+ 322 0.3+ 448 0.3+ 396 0.2+ 400 0.2+ 839
11/1/2003 0.0+ 330 0.1+ 298 0.2+ 309 0.3+ 339 0.2+ 324 0.2+1128
18/1/2003 0.0+ 345 0.6+ 387 0.4+ 306 0.3+ 380 0.6+ 344 0.3+ 1991
25/1/2003 0.3+ 362 0.2+ 367 0.1+ 403 0.2+ 347 0.5+ 438 0.1+ 1580
1/2/2003 0.5+ 395 0.1+ 386 0.2+ 425 0.2+ 400 0.1+ 353 0.3+ 1615
8/2/2003 0.1+ 357 0.3+ 369 0.1+ 386 0.2+ 331 0.2+ 332 0.2+ 1003
Sl OV Y ded O gl 6 g S gy D ) 151 5 (6) J e
= 1 2 3 4 5 6
&M
16/11/2002 | 0.02+13.0 | 0.01+11.2 0.01+12.6 0.01+12.2 0.01+ 15.0 0.03+30.4
26/11/2002 | 0.02+17.0 | 0.02+18.0 0.03+16.2 0.02+ 16.0 0.03+ 15.0 0.02+33.0
3/12/2002 | 0.01+14.4 | 0.02+17.0 0.01+12.2 0.01+16.2 0.02+10.0 0.01+21.0
14/12/2002 | 0.03:16.2 | 0.01%15.0 0.02£ 15.0 0.02£11.0 0.04+ 16.0 0.03£28.0
21/12/2002 | 0.01:+19.0 | 0.01£11.0 0.01£12.7 0.02£ 16.0 0.02£ 16.0 0.02£ 18.0
28/12/2002 | 0.01:14.0 | 0.01£7.2 0.02£ 6.2 0.01£5.5 0.01£ 3.2 0.016.2
4/1/2003 0.01+140 | 0.01+73 0.03+12.0 0.01+7.3 0.02+12.0 0.01+18.0
11/1/2003 0.01+ 8.0 0.01+7.1 0.01+8.1 0.01+8.1 0.01£3.2 0.01+9.2
18/1/2003 | 0.02+13.0 | 0.02t2.3 0.02+5.2 0.02+2.1 0.01+7.0 0.01+9.0
25/1/2003 001:7.2 | 0.01£12.0 0.01£ 16.0 0.02£5.0 0.01£5.0 0.02£10.0
1/2/2003 0.03£3.5 0.01+ 3.0 0.01£ 3.0 0.01£3.5 0.01£ 4.0 0.015.0
8/2/2003 0.02£5.0 0.02£5.5 0.01£ 4.0 0.02+4.2 0.02£ 6.0 0.01£ 7.0
WSoball O 2N Aed + Ol s Bl g Dl 1571 5 (T J g
Py 1 2 3 4 5 6
16/11/2002 0.01+0.5 0.02+1.0 0.01+0.4 0.01+0.6 0.01+0.5 0.03+3.5
26/11/2002 0.01£2.0 0.03+1.4 0.02£1.5 0.03+1.9 0.02£1.9 0.02+11.0
3/12/2002 0.02+2.0 0.02+15 0.02+2.7 0.02+1.3 0.03+2.0 0.04+54.0
14/12/2002 0.01£0.5 0.01+£0.3 0.01£0.4 0.01+£0.8 0.02£1.0 0.02+20.0
21/12/2002 0.02+0.9 0.02+15 0.01+0.4 0.01+1.2 0.01+0.8 0.02+ 30.0
28/12/2002 0.01+0.4 0.01+0.4 0.02£1.4 0.01+£0.6 0.01£0.4 0.01+£6.0
41112003 0.01+0.3 0.01+0.2 0.01+0.2 0.01+0.1 0.01+0.8 0.01+4.4
11/1/2003 0.01+ 0.4 0.01+0.3 0.01+0.4 0.01+0.3 0.02+2.0 0.02+9.8
18/1/2003 0.01+£0.2 0.01+0.4 0.01£0.4 0.01+£0.2 0.01£0.4 0.02+ 14.0
25/1/2003 0.01+0.2 0.01+0.6 0.01+0.5 0.01+0.7 0.01+0.7 0.01+9.0
1/2/2003 0.01+£0.2 0.01+£0.2 0.01+£0.2 0.01+£0.2 0.01+£0.9 0.01+4.0
8/2/2003 0.03+1.0 0.01+0.3 0.01+0.5 0.01+0.2 0.01+0.9 0.01+7.0
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Summary
A case study concerning water hardness was conducted in biology

department - college of science, this investigation managed on the
request of general company of textile industry Babylonlrag, thus six
sampling sites were selected , the former three sites were along Al- hilla
river ,while the later once were within the textile industry parts .
Water samples were collected at weekly interval periods from md
November 2002 till Fabreuary 2003
The first part of the study included qualitative evaluation of water
from the study sites. Generally, result showed that the temperature,
turbidity, total dissolved solids, total hardness, calcium, magnesium,
chlorides and sulfates showing clear seasonal variations. The studded
water always was on the alkaline site of neutrality.
There were increases in phasphate concentration in most samples
while the nitrate concentrations were over limits in some sanmples.
There were increases in total dissolved solids, chlorides and
sulfates concentrations in the water after softening.



Regarding the second part of this study, which concems to
evaluate several treatments made for removing hardness from the
studded water, results showed that the total hardness was reduced by
about 95% when 10 gl of sodium carbonate has been added to water
samples and by about 86% when 8 gnvl from a mixture of equal ratios
of calcium oxide and sodium carbonate have been added to water
sample, other additives were less effective, the variance analysis of the
chemical treatment show significant resullts.

An ion-exchange method was very effective in removing water
hardness, the results show an inverse relation between water hardness
and risen saturation.
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Summary
A case study concerning water hardness was conducted in biology

department - college of science, this investigation managed on the
request of general company of textile industry Babylon-Iraq, thus six
sampling sites were selected , the former three sites were along Al- hilla
river ,while the later once were within the textile industry parts .

Water samples were collected at weekly interval periods from mid
November 2002 till Fabreuary 2003.

The first part of the study included qualitative evaluation of water
from the study sites. Generally, result showed that the temperature,
turbidity, total dissolved solids, total hardness, calcium, magnesium,
chlorides and sulfates showing clear seasonal variations. The studded
water always was on the alkaline site of neutrality.

There were increases in phosphate concentration in most samples
while the nitrate concentrations were over limits in some samples.

There were increases in total dissolved solids, chlorides and

sulfates concentrations in the water after softening.



Regarding the second part of this study, which concerns to
evaluate several treatments made for removing hardness from the
studded water, results showed that the total hardness was reduced by
about 95% when 10 gm/l of sodium carbonate has been added to water
samples and by about 86% when 8 gm/l from a mixture of equal ratios
of calcium oxide and sodium carbonate have been added to water
sample, other additives were less effective, the variance analysis of the
chemical treatment show significant results.

An ion-exchange method was very effective in removing water
hardness, the results show an inverse relation between water hardness

and risen saturation.
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Lime-Soda Method - - -
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CaCO3 —» CaO0O+CO2 - (1-4)
CaO + H2O — 5 Ca(OH)2 - (1-5)
SR PYILNE W IPPEI I UH R PV LT RURTIVE: g P Y LN [ TRE P RTT g e
QS gy JSG o g Sl GG S g Al g S cuw S AN S g g TIS)
L el
Ca(HCO3)2 + Ca(OH)2 _, 2CaCOs3 + 2H20 ----(1-6)
Mg(HCO3)2 + Ca(OH)2 —> Mg(OH)2 + Ca(HCO3)2 —(1-7)
MgSO4 + Ca(OH)2 —_, Mg(OH)2 + CaSO4  ----(1-8)
e Jexd AN Soda-Ash s sall @l s IS Ailcal Al dda jall 8 S
Dl g lS Agy o grniieal 5 p sanallSY =S s i
CaCl2 + Na2CO3 —— CaCOs + 2NaCl ---(1-9)
MgSO4 + Na2CO3 _, MgCO3 + Na2S04 ---(1-10)
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lon-exchange resins Method - -
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2NaR + CaSO4 — R2Ca + Na2S04 ----(1-11)
2NaR + MgCl2 _—__, RoMg + 2NaCl ----(1-12)
2HR + CaSO4 —> R2Ca + H2S04 ----(1-13)

2HR + MgCl2 ——» R2Mg + 2HCI  ----(1-14)
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R2Ca + 2 NaCl —2NaR + CaCl2  ----(1-15)
R2Ca + 2HCI —* 2RH + CaCl2  ----(1-16)
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Reverse Osmosis Method
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Electrodialysis Method
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Distillation Method -
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