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Attempt four questions.

Outline the main sources and characteristics associated with hazardous and
clinical wastes. Also discuss the various treatments and disposal options available
for each of the above type of waste.

[20]

(@)  Dioxins and furans are found in the emission gases from the incineration
of various waste types. Argue the cases for and against human health hazards
associated with these compounds and refer to possible adverse effects .

[10]

- (b)  The ultimate analysis of a sample of municipal solid waste gives the

following results:
Element / Compound Weight %
C , ' 30
H 4
0] 20
N E 0.6
S 0.1
H,O 21

Others 24.3



Determine the moles of air required for incineration and the mole and weight
percentages of carbon dioxide and nitrogen in the flue gases.
[10]

(a)  Briefly describe the main liner materials used to contain landfill leachate;
make reference to characteristics, advantages and construction procedures.

(8]

(b)) A municipal solid waste has the composition and moisture content as

shown in the following table.

Composition Moisture Dry Solids*
% by wt (%) ®

Inert Materials
Glass 7 3 60
Ferrous metals 5 3 67
Nonferrous metals 1 3 25
Plastics 9 3 76
Rubber & leather 3 3 29
Others 2 4 23

Decomposable . -

- Paper, newsprint 39 T 300
Vegetable wastes 8 68 30
Grass, leaves etc 15 63 80
Textiles 5 13 40
Wood & bark 6 22 40

* Dry Solids per kg of MSW.

Calculate the volume of methane generated by the anaerobic decomposition of the
above waste if it has a volume at STP of 0.25 m3/kg.
Comment on the volume of waste calculated relative to expected values.

[12]




(@  Discuss how integrated waste management is applied to the management
of wastes from different sources. In particular, refer to the integration of the six
functional elements and their inter-relationships.

[10]
(b)  Describe the waste licensing procedures adopted by the EPA and outline
the general requirements of the EPA before a license can be granted.

[10]

(@)  Outline the principal waste legislation in Ireland. Indicate the roles of the

organisations responsible for deciding and implementing waste legislation in
Ireland.

(8]
(b)  Explain the importance of composting in the management of waste.

(6]
(c)  Describe the main factors and engineering requirements in the set-up of a
composting facility.

[6]

(@)  Mass transport of solutes in groundwater may be represented by the

following equation for the one-dimensional case:

Identify each of the terms and explain the transport processes represented by the
equation.

[13]
(b) ‘Containment’ and ‘bioremediation’ are two of the methods commonly
used to remediate contaminated soil and groundwater. Briefly describe each of

these methods, indicating in what circumstances each one might be applied.
[7]
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ADDITIONAL INFORMATION

Typical composition of air:-
Carbon Dioxide 0.03%
Nitrogen 78%
Oxygen 20.7%
Water 1.26%

Molecular weight of air 28.7

The anaerobic decomposition of MSW in landfill is given by following empirical
formula:- |

CoHy O;Ng + 0.25(4a - b -2¢ +3d) Hy0 >
0.125 (4a+b - 2¢ - 3d) CH, +
0.125 (4a-b+2c +3d) CO, +

dNH;




/
PROXIMATE AND ELEMENTAL (ULTIMATE) ANALYSES AND HEATING VALUES OF REFUSE COMPONENTS
Proximate Analysils Elemental Analysis
{as-recelved) (dry) Higher Heating Veiue
weight % v welght % (kd/kg)
Molsture
Refuse Volatile Fixed - Non- ) Non-  As- and
Component  Moistura Matter Carbon Comb. C. H 0 N S Comb. Recelved Dry Ash Free
Paper and papar products :
Péper. mixed 10.24 75.894 8.4 538 4341 5.82 4432 0.25 0.20 6.00 15800 17610 18730
Newsprint '5.97 81.12 1148 143 49.14 6,40 43.03. 0.08 0.16 1.52 18540 19720 20000
Brown paper 5.83 83.92 824 1.01 44,90 6.08 4784 0.00 0.1 107 16870 17920 18140
Trade magazine 4.1 6639 7.03 2247 329, 4.95 3855 0.07 0.08 2343 12220 12740 18630

Corrugated boxes 520 7747 1227 5,08 43.73. 670 4493 0.09 0.21 6.34 16380 17280 18260
Plastic-coated paper 4.71 = 8420 845 2.64 4530 - 6.17 4550 . 0.18 0.08 277 17070 17910 18470
Waxed milk cartons ~ 3.45 90.92 4.46 1.17 58.18 925 3013 0.2 -0.10 1.22 26340 27280 27660
Paper food cartons 8.11 75.59 1180 - 650 4474 6.10 4192 0.15 0.18 693 16880 17980 19180
Junk mail - 4.56 7332 9.03 13.00 37.87 541 4274 017 009 1372 14160 14830 17210

I?ood and food waste

" Vegetablefood waste 7820  17.10 355 106 4908 662 37.55 1.68 020 480 4174 18230 20280
Clrus rinds and seeds 78.70 1855 401 074 47.96 568 4167 1.1 012  3de 19300

Meat screps (cooked) 3874 5634 181 311 5959 9.47 2485 1.02 0.i9 508 80490
Frled fau ‘ 000 9764 236 = .000 7344 -1 54- 1482 043 0.07 0.00 ;- 38280
- Miisonh garbage 1 7200 2046 8268 448 4400 2876 330 052 1800 23480
s 11 - s - - 41.?2 878 2162 297 0.28 21640
Treas, wood, brush, plants .
Greenlfogs - 50,00 4225 725 050 50.12 6.40 4228 0.14 0.08 1.00 4890 9780 9880
Rotten timbers 26.80 5501 16.13 2.06 523 55 330 0.2 1.2 2.8 10050 14810 15260
Demolition softweod =~ 7.70  77.62 1393 075 51.0 62 418 0.1 <0.1 0.8 16980 1810 18580
Wasts hardwood 12.00 75.05 1241 . 054 494 81 437 0.1 <0.1 0.8 14950 16980 17070
Furniture wood ~ - 8.00 8092 11.74 1,34 497 81 426 0.1 = <01 1.4 17080 18170 18470
Evergreenshrubs - €9.00 25.18 8.0 0.81 4851 6.54 4044 171 0.19 2,61 6298 20310 20840
Balsamspruce - - 7435 2070 4.3 082 53.30 888 3517 149 020 318 5691 22190 22910
Flowering plants’ 5394 3564 . 808 234 4885 861 4018 1.21 026 509  8598. 18670 19670
Lawn grass | © 7524 1884 450 162 46.18 596 3643 446 0.42 855 4786 19380 20700
Lawn grass I 8500  — —_ 237 43.33 8.04 4168 2.15 0.05 875 8256 17800 18190
Ripe leaves | 9.87 6692 19.20 . 382 52145 611 3034 6.99 0.16 426 18570 20630 215680
Ripe leaves i 50.00 — —_— 410 4050 598 45.10 0.20 0.06 820 8221 18440 17910
Wood and bark 20,00 67.89 11.31 0.80 50.46 8.97 4237 015 006  1.00 18060 20030 20230
Brush . 40,00 - - 5.00 42.52 890 4120 200 005  B.33 11040 18370 20000
Mixed greens 62.00 2674 832 494 4031 584 38.00 200 0.05 18.00 6256 16460 18920
Grass, dirt, leaves ~ 21-62 -_ - ~- 3620 475 2881 2.10 0.28  30.08 ~ — 14610 20810
" Domestic wastes »
Upholstery 8.9 75.96 1452 262 471 81 438 0.3 <0.1 2.8 16190 17390 17880
Tires 1.02 6492 27.51 8.55 78.1 88 &3 0.1 1.5 88 32080 32340 . 34650
Laather 10.00 63.46 1249 910 60.00 8.00 11.50 10.00 0.40 10.10 18510 20580 22910
Leather shoe 7468 5742 1428 21.16 42,01 532 2283 898 1.00 2286 16840 18200 23610
Shoeheelandsole 115 67.03 208 29.74 53.22 7.09 776 050 - 1.34 30.09 25350 25640 38720
Rubber . 1.20 83.98 4.94 988 7766 1035 —— - 200 1000 26050 26350 29300
Mixad plastics 2.0 —_ — 10, uo 60,00 7.20. 32790 33410 37210
Plasgtic film. 320 - — 67.21 9.72 - 32200 34680
Polyethylone 0.20 98.54 0,07 1 A9 8454 1418 43460 45880 46510
Polystyrene 020 8867 068 045 B7I0 845 88180 38260 38400

Polyurethane (a) 620 6742 830 408 6327 628 17. 9.2 438 26050 26110 27280
pa:;wnyt chioride (B} 020  8A.80. 10.85 206 4514 . 581 156 008~ 0.4 208 22680 22730 23260

Linoleum 210 6450 660 2680 4808 534 1870 0.40 040 2740 18960 19330 26630
Rags 1000 8434 346 220 5500 6.60 3120 462 043 245 16050 17800 18240
Textiles 15-81 - - — 48189 641 4185 218 020 347 — 18690 19300
Oils, paints 0 . = — 1630 6685 9685 520 200 = 1630 31160 31160 37210
Vacuumclesnerdin 647 5568 851 3034 '35.80 2008 626 115 92009 14850 15710 23160

Household dirt 820 2054 626 7000 2062 950 001 7230 8535 8810 3174C



