IRRIGATION AND THE ENVIRONMENT REFERENCES

At compiling data the conventions and styles set for the American Society of Agronomy
(ASA Publications Handbook and Style Manual 1388) were followed as far as possible,
although, in some cases, due to the indifferent use of conventions and styles in various
sources, deviations from the Sl system or other standards are still incorporated. Referen-
ces are cited mainly following the ASA guidelines, by one exeption: papers in conferen-
ce/ symposium/ workshop proceeedings are cited only with the name-year system, and
reference is made solely to the editor(s), ie only the editor and the textbook or procee-
dings title are mentioned in the List of References’: For example:

citation in the main text is: Smedema in: van Hoorn ed. 1988,

further citation in the List of References: van Hoorn, JW. ed. 11988, Agrohydrology - Recent De-
velopments. Proceedings of the Symposium 'Agrohydrology’ at the IAC 1987, Wageningen. Else-
vier. Amsterdam,

Abbreviations of Organizations

ADB Asian Development Bank

ASA American Society of Agronomy

ASCE American Society of Civil Engineers

BMZ Bundesministerium fiir wirtschaftliche Zusammenarbeit und Entwicklung
DSE Deutsche Stiftung fiir Internationale Entwicklung

DVWK Deutscher Verband filr Wasserwirtschaft und Kulturtechnik
ESCAP Economic and Social Commission for Asia and the Pacific
FAQ Food and Agricultural Organization of the United Nations
(FAO CP) FAQ Conservation Paper

(FAO-EEP}  FAOQ Environment and Energy Paper

(FAO IDP) FAO lIrrigation and Drainage Paper

(FAQO ICTP} FAO investment Centre Technical Paper

{FAO PY) FAQ Production Yearbook

(FAO SB) FAQO Soils Bulletin

GTZ Deutsche Gesellschaft fiir Technische Zusammenarbeit

ICID internation Commission on Irrigation and Drainage

ICOLD intemational Commission on Large Dams

ED Intemational Institute for Environment and Development
ILACO International Land Deviopment Consultants Amhem

ILRI International Institute for Land Reclamation and improvement
INCID Indian Commission on lirigation and Drainage

IRAI Intemational Rice Research Institute

ISM International Soil Museum Wageningen

ISTRO International Soil Tillage Research Organization

IUCN The World Conservaton Union

QAS Organization of American States

QDI Overseas Development Institute

obu Overseas Development Unit of Hydraulics Ressearch
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QECD Organization for Economic Co-Operation and Development
PEEM Panel of Experts on Environmental Management (WHO)
RSU Rat der Sachverstindigen fir Umweltfragen (FRG)
SSSA Soil Science Society of America
UNEP United Nations Environmental Programme
UNDP United Nations Development Programme
UNESCO United Nations Educational, Scientific and Cultural Organization
USAID United States Agency for International Deviopment
USDA United States Department of Agriculture
UsCiD US Committee on Irrigation and Drainage
WB The World Bank
WHO Wortld Health Organization
WMO World Meteorological Organization
WRI World Resources Institute
- ' Common units and measures
a year {annum)
ds deci-Siemens (equivalent to mmhos})

EC electrical conductivity (salinity measure)
ECe EC from a saturated soil extract

EQ open water evaporation

ESP exchangeable sodium percentage

ET evapotranspiration
. g gram

ha hectare

hr hour

[ litre

M million

MCM million cubic meter

m meter s

N north

TDS  total dissolved solids
w Watt; kW kilowatt, MW megawatt, GW gigawatt

y year
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1. Use of agro-chemicals and ecotoxicological impairments
(1) pesticides: choice; transport; storage; handling; use-maintenance-repair of application
equipment; safe 8 effective use; complience with local laws and regulations; disposal
(2) fertilizers including soil amendments/conditioners: choice, storage, handiing, safe &
effcient use, disposal
{3) post-harvest control measures
2 Direct intervention into protected areas (UCN-categories | to X)
strict nature reserves, national parks, natural monument, managed nature reserves, bios-
phere reserves, natural world heritage sites; protected landscape, resource reserve, mul-
tiple use management areas
3. Direct or indirect interventions into wetlands and other ecologically
sensitive areas (ESAs) :
{1) wetlands which have important functions, products or attributes: estuarines, mangro-
ves, floodplains, freshwater marshes, 1akes, peatlands, swamp forests
{2) areas susceptible to wind or water erosion
(3) habitats that support important natural vegetation on soils of low inherent fertility and
(4) yields of little value if transformed
(5} habitats that provide important biogenetic and medicinal potentials
{6) critical habitats of threatened plant & fauna species for breeding, feeding or staging
4. Interventions in sensitive water resources
(i) international rivers or groundwater reservoirs
(ii) important national water reserves
(il water supplies of regional importance
5. implications to public health
(1) extra risks in faecai~oral {water-washed or water-bome), water-washed, water-ba-
sod or water-related vector-bome diseases: increase in community wulnerability, environ-
mental receptivity and vigilance of health services
(2} extra risks from excreata use
(3} extra risks from water pollution {pathogenic microorgansim, nitrogens, toxicants)
(4} risks from toxic aerosols {pesticide applications)
(5} risks from chemical health control measures: molluscicides, residual house sprayings
6. Impairments of socio-cultural values
(1) critical habitats which provide livelyhood for specific and minority population groups
(2) areas of unique historical, archeological, or other cultural heritage, or important to
cultural or religious beliefs
(3) unique areas of diversified rural pattems: settlements, diversified croplands
{4} areas which provide important habitat for natural industry: cottage industry, handicraft
materials, indigenous food
7. Resettlement and migrants
relocations or evacuations; scheduled or unscheduled migrants, temporary residents
8. Degradaded watersheds

typically impairments on Irigation schemes: floods, unreliable water supply, sedimentati-
on, etc.

Table 1-1




Wat L !
* river flow changes, flooding pattern changes,
groundwater fall/ -rise, saltwater intrusion

% stream degradation {bank erosion, river bed

changes}

* creation or alteration of impoundments, drainage
lakes

* estuary degradation (coastal erosion, delta
formation}

Poliution

% particle pollution of surface waters (erosion, se-
diment transportation, siitation}

% organic pollution of surface waters (nutrients,
.organic compounds, pathogens)

% eutrophication of suface waters {nutrients, or-
ganic compounds)

% organic pollution of groundwaters {nutrients, or-
ganic compounds, pathogens)

% toxic concentrations of substances in surface
waters (metals, salts, pesticides)

* toxic concentrations of substances in ground-
waters (salts, metals, pesticides)

* toxic concentration of substances in soils (salts,
acids, pathogens, metals, pesticides)

* gas “emissions (air pollution, radiatively active
gases) :

= aerosol emissions (pathogens, toxic concentrati-
ons of pesticides)

Soil d fati

* soil loss or accumulation {wind & water erosion)

*  waterlogging

% salinization (also: acidification, alkalinization)

* soil compaction and structural degradation

* loss in fertility {biotic activity, agricultural produ-
ctivity)

biclogical imbalances increase (pests, weeds)

*

co-hiolo i c
impairment or joss of valuable wetlands
plant community changes {temrestrial flora)
plant diversity loss (terrestrial flora)
threatened or/and endemic species loss or im-
pairments
wildlife habitat loss, wildlife migration restricti-
ons

¥ X X ¥

%

Land use and ecomomic development conflicts

* conflicts with competing agricultural uses

* conflicts with other land uses

* use of non-renewable resources (fuel, materials,
etc)

% conflicts with other water users (industrial, do-
mestic, agricultural)

* conflicts with navigation (through water regime
& stream morphology changes)

* conflicts with fishery

* conflicts with natural resources industry

* conflicts with forestry/woodland uses

*

conflicts with planning (policies, programmes,
projects)

Public health ris}

* communicable disease risks (communal vulnera-
bility, environmental receptivity, vigilance of he-
alth services)

* non-communicable disease risks (occupational,
water and air pollution, phytotoxic crop conta-
mination, accidents)

* risks associated with general well-being (water
" supply, nutrition, habitation, sanitation}

Natural_beauty impaitments (landscape diversity,
aesthetics)

Cultural heritage site loss or impaiments {buildings,
monuments etc,)

Socio-economic impacts (higher order impacts)
regional disparity

population change

community facilities

group development (and participation)

ethnic minority group development
employment/labour

women's situation

income

¥ O ¥ X ¥ ¥ ¥ ¥

Resettlement effects (migrants, evacuees)

% river regime changes (hinterland degradation,
upstream uses)

% groundwater regime changes {regional urban
uses, hinterland degradation)

% surface water polfution (upstream urban pol-
lutions, hinterland degradation)

% groundwater pollution (urban pollutions, agri-
cultural poliutions)

* soil erosion (regional degradation)
* soil contamination {wastewater reuse)

* air pollution {urban pollution, traffic pollution)

* land use competition {livestock grazing, ur-
ban uses)

% health hazards (vector diseases, aninal di-
seases etc)).




Table 10.3 River Runoff and Its Use Table 2-1
cubic kilometers per yaar)
X ) Asirg 3 £
i il
stai River Runat 2,321 10,485 3,808 6945 10,377 2,041 4350  406%F
“Groundwater Discharge to Rivers B45 2,879 1,464 2,222 3,736 48B3 1,020 12,69
“Surface Runott 1,476 7,608 2,720 4,723 6,641 1,528 3330 2748
19808 .
igler Withdrawal 364 1,591 176 767 161 26 443 3,33
‘Consumptive Use 134 1,145 146 339 110 19 239 2,1z
Naste and Returning Waters 230 448 42 428 5% 7 204 1,
50 of Resources (percentage of totat river runot) 16 15 4 11 2 1 10 ]
éar 2000 Projection
ater Withdrawal 404 2,160 289 948 293 a5 533 4, b6
"onsumptive Use 158 1,433 201 434 165 225 286 i, ro
Vaste and Fietumning Waters 246 727 g8 512 128 125 247 4,96
Jse of Resources (percentage of total river runoff) 17 21 7 14 3 2 12 i
Tab, 4-4: Wassernutzung nach Sektoren und Entwicklung der Entnahme {2) Table 2-2
Agricitant Poweshe ujed Tudaivry
Reglon Landwirtschaft Haushalta und Indhustria
whAlisction ficrcese éffertfiche Mutrung Lhlisce - fasrense
Nutzung (%) Anstieg (%) Nutzung (%) Anstiag (%) Nutzung {%) Anstiag (%)
80er Jahre 2000 80ar Jahra  80er Jahre 2000 80ar Jahre  B0er Jahre 2000 80er Jahra
bis 2000 bia 20600 bia 2000
Europa at 20-33 14 14 12-15 17 55 52 - g2 4-55
Asien 8 T4 15 8 10 127 8 16 « 17 171 - 188
Afria 83 -7 a9 7 1914 200 5 1418 382 - 439
Nordamerika 48 48 18 10 1" 38 LX) 43 — 44 2 -28
Shdamerika 58 38 -39 o 19 17 67 24 43 ~ 48 233 - 267
Australien und 4 69 - 70 25 19 19 ' 7 11 =12 114 - 150
Ozeanien
UdsSsR 65 6269 18 6 7 52 29 28 - 31 20 - 28
GESAMT 68 59 - 62 17 8 10 - 11 74 24 27 -3 52 -72
Quelle; World Resources institute, World Reastrces 199091, New York, Oxtord 1890
Table 10.4 Water Withdrawals for Irrigation Table 2-3a

Europe 17 110 95 15 19 125 105 =20
Asia 140 1,300 980 320 165 1,500 1,150 --350
Africa 1 120 85 35 15 BT 110 80
Nocth America 29 330 215 115 as 390 260 130
South America 8.5 70 55 15 Eh! 80 70 20
Australia and Qcsania 2.0 16 13 3 2.5 20 15 5
US.SR. 20 260 180 80 235 300 210 90
Woild Total 2275 2,208 1,623 582 271 2,585 1,920 665

Source: AV, Belyaev, 1J.5.5.R, Academy of Sciences, Institute of Gaography, Moscow in consultation with other internaticnal sources.
Nate: Ocoania Is defined as Australia, Fiji, New Zealand, Papua New Guinea, and Sclomon Islands.

Sources: World Resources Institute




Table 1. Sourcas of Water Supply in 16 Asian Countries

Arnable Actuz] Cropping

Type Area cultivated area intensity
(miliion ha) { million ha} {5%)
Surface irrigation 100.0 1445 45
Groundwater irrigation 350 463 [32
Rainfed and uthers 2230 2010 102
Total 3580 4178 117

Note;  Summarization of 16 Asizn countries j.e, Bangladesh. Bhutan, China, Korea {DPR),

Korea (Repubiic of}, India, Indonesia, Laos, Mataysia, Nepal, Pakistan, Philippines,
Sri Lanka, Thailand, Vietnam and Japan.
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Table 2. Groundwatar Utilization in Asian Cauntries

G d
Gmunduia!er [Tl‘::;a::::nﬂ Land irrigated
Country .po.len!ul< {Billion cubic By groundwaier
(Billion cubic hetsefyear) {Net)
metrelyear) brri Others Torag (million ka)
_
Bangladesh‘_f_—mj'_‘lﬁj—_'_o:s_‘%
China 100 396 - - 9.0
Indiy 423 435 65 500 19.0
Indonesia 456 o0 37 37 0.02
Pakistzn - 400 - 400 ’ 56
Philippines 33 05 2 2.6 0.2
Thasland - 0 7 29 0.01
Source: Water Resources Journal (ESCAP) Dec. 1986 and uther information gathered by
FAG/RAPA,
REPOAT: INDIA {1} 105
Table 2. Area Irrigated by Diffarant Sourcss in Indis
During 1950-51 to $984-84 {Area: ‘000 ha)
Sousce 1950-31 196061 1970-7t  1980-81 1984.85
Camls 8295 10370 12838 15292 15861
(39.8) G2 (413 (39.5) 319}
Tanks 3613 4561 4112 3198 3330
{17.3) (18.5) {13.2) {08.2) {01.9)
Tube welis N.A, £35 4461 9517 £1165
{0.4) (4.3 (24.6) (210
Other wells 5973 7155 7426 8207 8723
CRTY 900 (239 ) o
Other sources 2967 2440 2266 2585 2600
(4.2} {09.8) 107.3) {06.6}) 06.2)
Toal 20853 24661 31103 38806 47719
{Net Lrrigated Area) (100.0) £100.0) {100.0) {100.) {100.0%

(Figures in parenthesis indicate perventage of ot irrigared area}

Serurce: lndian Agriculture in Brief *|g Edition. Diectorate of f:'conumics and Seatistics,
Dept. of Agric. & Coop., Ministry of Agriculture, Governmem of India, New Delhi.

Source: APQ 1991

Table 2-3b

Table 2-3c




Table 2-3-e

Table 22.1

Freshwater Resources and Withdrawal

Annual

Intemal Renewabie
Wailer Resources

1950 Annual River Flows Annual Withdrawal
Per Capita From Other  To Other Percantage Sectoral Withdrawal
Total (000 cubic  Couniries  Countries  Year of Total of Water Per Capita (percent)

{cubic km) meters)  {cubic km) {cubickm) Data  (cubic km} Resources (a} (cubic meters) Domestic Industry Agriculture
WORLD 4067300 b 7.6 o 1967 b 3296 8 860 8§ 2 69
AFRICA 4,184.00 b 646 - 1987 b 144 3 244 7 5 aa
Algeria +8.90 0.75 0.20 070 1980 3.00 18 161 22 4 74
Angala 158.00 b 15.77 X X 1987 b 0.48 ] 43 14 10 76
Banin 26.00 5.48 X X 1987 b 0.1 ] 26 28 4 58
Botswana 1.00 0.78 17.00 X 1980 0.09 1 98 5 10 a5
Burkina Fasa 28.00 b 311 X X 1987 b 0.15 1 20 28 5 67
Burundi 360 b 0.66 X X 1987 b 0.1% 3 20 36 o 64
Cameroan 208.00 18.50 X X 1987 b 0.40 & 30 46 19 35
‘Cape Verde 0.20 0.53 0.00 0.00 1972 0.04 20 148 9 2 89
Central African Rep 141.00 b 48.40 X X 1987 b 0.07 & 27 21 5 74
:. Chad 3840 b 6.76 X X 1987 b 0.18 4] 35 16 2 B2
Comoros 1.02 b 1.97 0.00 0.00 1987 b 0.1 1 15 48 5 47
Congo 18100 b 90.77 621.00 X 1987 b 0.04 a 20 62 27 11
Cole d'lvoire 74.00 587 X X 1987 b .71 1 13 22 hal &7
Djibouti 0.30 0.74 0.00 X 1973 b 0.01 2 28 28 21 51
Egypt 1.80 0.03 56.50 0.00 1985 56.40 a7 1,202 76 5 88
Equaterial Guinea 30.00 b $8.18 X X 1987 b 0.01 ] 11 a1 13 6
Ethiopia 110.00 2.35 X X 1987 b 221 2 48 11 3 (3]
Gabon 16400 b 140.056 X X 1987 b 0.06 Q¢ &1 72 22 &
Gambia, The 3.00 3.50 19.00 X 1982 0.02 ¢ 33 7 2 a1
Ghana 53.00 353 X X 1970 0.3¢ 1 35 35 13 52
Guinea 226600 b 32.87 X X 1987 b 0.74 L] 15 10 a- 07
Guinea-Bissau 3100 b 1.4 X X 1987 b 0.01 o 18 n 6 63
Kenya 14.80 0.59 X X 1987 b 1.09 7 48 27 1. 52
Lesatho 4.00 b 2.25 X X 1987 b 0.05 1 34 22 22 56
Libena 23200 b 90.84 X X 1987 b 0.13 ] 54 27 13 60
Libya 0.70 0.15 0.00 ¢.00 1985 2.62 374 262 15 1] 75
Madagascar 40.00 334 0.00 .00 1984 18,30 41 1,675 1 4] 99
Malawi 9.00 b 1.07 X X 1987 b 0.16 2 22 34 17 49
Mali 6200 b 6.62 X X 1987 b 1.3 2 159 2 1 97
Mauritania 0.40 0.20 7.00 X 1978 0.73 10 473 12 4 84
"Mauritius 2.20 1.99 0.00 0.00 1974 0.26 16 415 16 7 77
Maracco 30.00 1.19 0.00 0.30 1985 11.00 a7 503 6 ¢ k] 91
Mozambigque, People's Rep 5800 b 3.70 X X 1987 b 0.78 1 53 24 10 66
Niger 1400 b 1.97 30.00 X 1987 b 0.28 1 44 2 5 74
‘Nigeria 261.00 b 2.3 47.00 X 1987 b 3.63 1 a4 3 15 54
Rwanda 630 b 0.87 X X 1987 b 0.15 2 23 24 8 68
Senegal 2320 b 3.15 12.00 X 1987 b 1.2 4 201 5 3 92
Siarra Leons 160.00 b 38.54 X X 1967 b 0.37 0 9% 7 4 89
Semalia 11.50 1.52 .00 X 19687 b 0.81 7 167 3 0 97
South Africa, 50.00 1.42 X X 1970 9.20 18 404 16 17 67
Sudan 30.00 1.19 100.00 56.50 1977 16.60 14 1,089 1 0 99
Swaziland 6.98 b 8.82 X X 1987 0.29 4 414 5 2 93
Tanzania 76.00 b 278 X 1970 0.48 1 as 21 5 74
Togo 11.50 333 X X 18987 b Q.09 1 49 62 13 25
Tunisia 3.75 0.46 0.60 0.00 1985 2.30 53 325 13 7 80
Uganda §6.00 b 3.58 X X 1970 0.20 0 20 3z 3 60
Zairg 1,019.00 b 28.21 X X 1887 b 0.70 4] 22 58 25 17
Zambia 9600 b 1135 X X 1970 0.36 0 86 63 1 26
Zimbabwe 23.00 b 2,37 X X 1987 b 1.22 5 129 14 7 79
NORTH & CENTRAL AMERICA €,545.00 b 16.26 1887 b 697 10 1,892 ] 42 48
Barbados 0.05 0.20 0.00 0.00 1962 0.03 a1 117 52 41 7
Canada 2,901.00 109.37 X X 15980 36.15 1 1,501 18 70 12
Costa Rica 95.00 31.51 X X 1970 1.35 1 779 q 7 89
Cuba 34.50 3.34 0.00 0.00 1975 a.1a 23 860 ] 2 89
Dominican Rep 20.00 2.79 X X 1987 b 2.97 15 453 5 ] 89
El Salvadar 18.95 .61 X X 1975 1.00 5 241 7 4 59
‘Guatamala 116.60 12.61 X X 1970 073 1 13% 9 17 74
Haiti 11.00 1.69 X X 1987 b 0.04 Q 46 24 ;] 68
Honduras 102.00 19.85 X X 1970 1.4 1 508 4 5 at
Jamaica 8.30 3.29 0.00 0.00 1975 0.32 4 157 7 7 86
Maxica 357.40 4.03 X X 1975 54,24 15 a0 6 a a6
Nlcaragua 175.00 45.21 X X 1975 0.89 1 370 25 21 54
Panama 144.00 59.55 X X 1975 1.30 1 744 i2 11 77
Tfl('lidad and Tabago 510 b 3.a8 0.00 0,00 1975 0.3 3 149 27 38 3
Unitad Statas 2.478,00 9,94 X X 1985 467.00 19 2.162 12 ¢ 46 dz
SOUTH AMERICA 1637700 b 3496 . | 1967 b 123 1 476 18 23 59
Argentina 694.00 21.47 300.00 X 1976 27.60 3 1,059 9 18 73
Bolivia 30000 b 41.02 X 1987 b 1.24 0 184 10 5 85
Brazil 5,190,00 34.52 1760.00 X 1987 b 35.04 1 212 43 17 40
Chile 46800 b 35.53 X X 1975 16.80 4 1,625 ) 5 83
Colombia 1,070.00 33.63 X X 1987 b §.34 [+ 179 41 16 43
Ecuador 31400 29.32 X X 1987 b 5.56 2 561 7 3 90
uyana 24100 b 23173 X X 197 5.40 z 7516 1 0 il
Paraguay -. 9400 b 2198 220.00 X 1987 b 0.43 0 111 t5 7 78
Pgau 42.00 1.79 X X 1987 b 610 15 294 19 9 72
Suriname 200:00 b 496.28 X X b ’ 9 1,181 5 5 89
Uruguay 59.00 b 18.86 65.00 X 1 241 [ 3 91

Venezuela g. X ] as? 43 1t 8




Table 2-3 e cont,
Annual
internal Renewabie
Water Resources
1990 Annual River Flpws Annual Withdrawal
Per Capita From Gther  To Qther Percantaga Settoral Withdrawa)
Total (000 cuble  Countries  Countries  Year of Total of Walar Par Capila {parcent)
i {cubic km) meters)  (cubickm) (cubickm} Data  {cubic km) Rescurces {a) {cubic Meters) Domestic Industry  Agficuture
ASIA S - 1048500 - 387 -0 - caeee o 1887 b 1,531.00 15 526 & -8 . 88
‘Alghanistan 50.00 3.02 X X 1887 b 26.11 52 1,436 1 0 a9
Bahrain 2.00 0.00 X X 1875 0.20 X 735 60 36 4
Bangladesh 1,357.00 11.74 1000.00 X 1987 b 22.50 1 211 a 1 96
Bhulan 9500 b 62.66 X X 1987 b 0.02 0 15 36 10 54
hina 2,800.00 247 0.00 X 1880 4680.00 16 462 L] 7 a7
Cyprus 0.90 1.28 0.00 0.00 1985 0.54 60 807 7 ¢ 2c N e ;
India 1,850.00 217 235.00 X 1975 280.00 18 B12 3 4 g3 |
[ndonesia 2,530.00 14.02 X X 1987 b 1659 1 BB 5} 11 76
Iran, Islamic Rep 117.50 2.08 X X 1975 45,40 39 1,362 4 ] B7
ifaq 34,00 1.80 66,00 X 1970 42.80 43 4575 3 5 92
israel 1,70 0.37 0.45 0.00 1986 1.80 13 447 16 ¢ 5 ¢ 79 ¢
Jaipan 547.00 4.43 0.00 o.op 1980 107.80 20 923 17 33 50
“Jordan 0.70 016 0.40 X 1975 0.45 # 173 28 & &5
Kampuchea, Dem 88.10 10.68 410.00 X 1987 b 0.62 L 69 & 1 94
Korea, Devn People’s Rep 6700 b 282 X X 1987 b 1416 21 1,649 11 16 73
Koraa, Rep 63.00 1.45 X X 1976 10.70 17 288 11 14 75
Kuiwait .00 0.00 0.00 X 1974 0.01 X 10 &4 32 4 ;
Lo People's Dem Rep 270.00 66.92 X X 1987 b 0.589 4] 228 g, 10 az ;
Labanon 4.80 1.62 0.0¢ 0.86 1875 0.75 16 2 11 4 85
Malaysia 456.00 26,30 X X 1975 9.42 2 765 23 30 47
Mongolia 24,60 11.05 X X 16887 b 0.55 2 272 11 27 62
Myanmar 1,082.00 25.96 X X 1987 b 3.06 0 103 7 3 a0
Nepal 170.00 888 X X 19687 b 268 2 155 4 1 85
Oman 2.00 1.36 0.00 X 1975 0.43 22 561 3 3 954
Pakistan 298.00 243 170.00 X 1975 163.40 33 2,053 1 1 58
Philippines 323.00 518 0.00 0.00 1875 28.50 g 693 18 21 81
atar 0.02 0.06 0.00 X 1975 0.4 174 234 36 26 38
Saudi Arabia 220 0.16 0.00 X 1975 2.33 106 3 45 8 47
- Sihgapore .60 0.22 0.00 0.00 1475 0.19 32 84 45 51 4
& fanka 43.20 2.5 0.00 .00 1870 6.30 16 503 2 2 96
rian Arab Aep 7.60 0.81 27.90 30.00 1976 3.34 9 449 7 10 83
aifand 130.00 .97 68.00 X 1987 b 31.90 18 599 4 6 80
Urkey 166,60 3.52 7.00 66.00 1685 15.60 a 7 4 ¢ 19 ¢ 57 ¢
ted Arab Emirates 0.30 019 ©.00 X 1580 0.42 140 428 11 9 B0
fiet Nam a76.00 b 5.60 X X 1987 b 5.07 1 a1 13 9 78
emen Arab Rep 1.0¢ 0.12 0.00 X 1887 b 1.47 147 X 4 2 94
emen, People's Dem Rep 1,50 0.60 0,00 X 1975 1.93 129 1,167 5 2 83
UROPE - - 232100 b 468 - iarao 3 w1887 b . 359 --15 - 726 .. 13, 64 33 .
lhania 10.00 3.08 11.30 X 197¢ 0.20 1 94 [ 18 76
Ustria 56.30 7.51 34,00 X 1980 3.13 3 447 19 73 8
Balgiumn 8.40 0.85 410 X 1980 9.03 72 "7 1t 85 4
lgaria 18.00 2,00 187.00 X 1980 14.18 7 1,600 7 3B 55
zechoslovakia 28.00 1.79 62.60 X 1580 5.80 6 379 23 €8 El
enmark 11.00 215 2.00 X 16977 1.40 il 277 30 27 43
inland 110.00 22.11 3.00 X 1980 3.70 3 774 i2 a5 3
Tance 170.00 3.03 15.00 20.50 1584 33.30 18 606 16 &9 15
erman Dam Aep 17.00 1.02 17.00 X 1980 9.13 27 545 14 68 18
s6rmany, Fed Rep 79.00 1.30 82.00 X 1381 45.40 26 LiTal 10 70 20
reace 45.15 4,45 13.50 3.00 1980 7.00 12 726 [] 29 63
ungary LE 0.57 109,00 X 1980 5.38 5 502 55 B
- Celang 170.00 671,94 0.00 0.00 1987 b 0.09 0 349 31 63 6
etand 50.00 13.44 0.00 X 1972 0.40 1 135 16 74 i
aly 178,40 3.13 7.60 0.00 1981 46.35 25 a1 14 27 39
i Uxembourg 1.00 272 4,00 X 1976 0.06 1 166 42 45 13
;  Malta 0.03 007 0.00 0.00 1578 0.02 92 68 78 a8 16
. etharlands 10.00 0.68 80.00 X 1980 14,20 16 1,004 5 61 34
% 3 orwa) 405.00 86.15 8.00 X 1980 2.00 Q 489 20 72 a
: v olan ) 49,40 1.29 6.80 X 1580 16.80 a0 472 16 &0 24
i ortugat 34.00 3.3 31.60 X 1980 10.50 16 1,062 15 37 48
o Romania 37.00 1.59 171.00 X t 25.40 12 1,144 33 89
Pain 110,30 2.80 1.00 17.00 1985 26.30 24 682 12 26 62
Swadan 176.00 21.11 4.0 X 19840 3.98 2 479 36 ] 9
witzarland 42.50 6.52 7.50 X 1885 3.20 [ 502 23 73 4
nited Kingdom 120.00 2N 0.00 X 1960 28.35 24 507 20 77 3
ufostavia 150.00 6.29 115.00 200.0% 1980 a.77 3 393 16 72 12
S.R.." ) " 4,384,00 1522 30000 .- X 1880 . 353.00 -8 1330 - 6 .29 65
" SCEANIA . ol v 211005 T8 g o eNBBT b | o 28 T 1907 8 5 AB i 76 s
Strafia 343.00 20.48 Q.00 0.00 1976 17.80 1,306 55 2 233
i: 2855 b 3B.12 0.00 0.00 1987 b .03 20 20 60
; ew Zaaland 397.00 117.48 0.00 0.00 1980 1.20 379 46 10 44
: Papua New Guinea . 801,00 b 199.70 X X 1987 b ¢10 25 25 22 48
) Solomon Islangs v 4470 b 149.00 0.00 0.00 1987 b 0.00 18 40 20 40
ol Soirees; Bureau of Geological and Mining Ressarch, National Geolegical Survey, France; LS. Geological Survey; and institute of Gaography,
National Academy of Sciences, U.5.5.R.
_lBS: a. Water resources include both internal ranewable resources and river flows from other countries.

b. Estimated by the insfitute of Seography, U_S.5.R.

c. Secloral percernages date from the year of other withdrawal data.
0= ze10 or less than half the unit of measure; X = not available.

For additional inéormation, see Sources and Technical Notes.

- Sources: World Resources Institute




Table 1. Definitions of arid regiomns.

Table 2-4 a

Typoof P Tassmiaiey P
Climate  Ttp Vegetation or 11, 4 {in mm) Utilization
Hyper- 0.03 No permanent vegeta~ up to 100% Nil or very Opeis culture.
arid tion or a very few low, extremely True nomadism
vory mcattered shrubs; irregular with by transport
ephemeral when rain sometimes no ocaravans
or dewy with short rain during
cycle, Oasis parma- long periods of
nent water. Beveral years.
Ardd 003~ Construsted along with 50—100% From 80-150 to Pastoralism
0s20 water channels, spiny 200=350. Low No farming
or succulent plants. atmospherio except wlth
Steppes, pseudo~ humidity. High irrigation
steppes, para—steppos. rainfall variae
bility.
Sami- 0.20-  Bteppes, pseulo= 25.50% From 300-400 Rain-fed cultiva-
arid 0.50 steppes, para~steppe, to TOO-BOO with tion with more or
low sBavannas  low sumimer rains, less regular pro—
savannas with bush, From 200-250 0 dwtion. Combined
thorny low savannas 450500 with with sedentary
exoeptionally savannae winter rains, livestock produc—
where high rainfall in tion.
BEUNDST s
Sub— 0.50=~ Savannas and wooded Less Abmdant with Rain=fed cultiva=
htmid 0. 75 savannes . Riparian than usually more tion and industriall
forests along rivers. 25% than six humid orops with a
Maguis and Chaparrals monthe (more regular produstion.
wmder Mediterranean than 30 mm)
climate: Steppes on
tchernozens
Table 2-4b
‘fable 2. Distribution cf erid lands
Semi-Arid Arid Hyperarid Total
Total Ar
Continemts o)™ Omd) £ Ged) 4 () % (md) g
(4) (B) (c) (#+B+C)
39,917,000 35943,160 10 2,910,000 1.5 780,700 2 74633 ,860 19,5
29,797,000 525465490 18,5 7,325,560 24,5 4,527,240 15 17,309,280 58
42,365,000 643544750 15 8,049,350 19 1,270,950 3 15,675,050 37
7+703,850 2,234,120 29 3,928,960 51 0 0 6,163,080 80
10,032,100 752,500 7.5 200,500 2 0 0 953,000 9.7
129,814,950 18,741,020 14.5 22,414,370 17 - 6,578,890 5 47,734,270 36.5
lande 23,418,050 0 o] 0 0 0 o] o 0
(Greenland.)
New Zealand)
otal Land 1oy 533,000 18,831,020 12,2 22,414,370 14,6 6,578,890 4.2 474134,210 3

Sources: FAQ 1985 {CG)




Table 2-5 a

Mexiko, Zentral und Sadamerika
\r'e.rschmulzunga— Vereinigte Karibik Amaronas Andere SJE::::tI::;nt sg:f:-.t— Pﬁf,’;i:ﬁ,he China A Japan,
. Staaten Orinoko Gebiete Neralien und
Pathogene Kelme 0—1 1-2 0 1-3 1-3 1=2 2-3 1-3 0-1
Organische Stofle 0 1-2 0 1-13 13 0-2 o=t 1-3 D1
fsalzung 0 1-2 0 o 0-1 0=1 0-3 0-2 0-2
rate 0-1 1 0 0-1 0-1 0-1 1-2 0-2 o-1
oride 0 0 0 0 01 o ] -2 0
Eutrophierung i1-2 1-2 1] 1-13 a=-1 0-~3 o] 0-2 0-1
Schwermetalle 01 0—1 0—1® 1~3 0o-1 ¢-2 0-1 02 0-2
stizide 0-1 n/a 0 1-3 o1 o~ 01 o~ 0~1
lfid. crganische Stoffe 0-1 0-1 ] 1-3 "/ na na n/a n/a
Sadimente 0-1 0-1 0-1® 1-3 0-2 0-2 o=t 0-3 -1
rsauerng Q-2 0 0 0—1 ° o=t © o-1 0-
Abwirme 0 0 0 0 ::: ::: :;: :;: :;:
oaktivitat 0 0 0 0
®  Quecksilber und Verschmutzung durch Sedimente
aus der Goldexploration an elnigen Fi(ssen
®  QOst—Kenada und norddstiiche USA
(a): Wasserqualitat in Afrika
= _ _ _— -
ibutzungs Maghred Sanel %ou':nv:an g::?tzn g:alcken sg:ig-stl::n 95':95: H‘:’;?;:’:T?_) Mitte In?:;::geblel
ogane Keime 1-2 1-3 1-3 1-2 -2 1-3 1 o 1
Ische Stoffe 1-2 1-2 12 0-1 -2 1-2 0 0 4
Ny 0-2 0-2 0-1 0 0-1 1-2 0 3 1
0-2 1~2 1~-2 0-1 0-1 1 Q 0 1
0-3 0-2 0 Q 0 1-3 ] 0 0
rung 0-2 0-1 1 0 0-2 0 16 0 1-2
mmetalle 0-1 0-1 0-1 0-2® 0-1 0-1 0 0 0
: 0—1 1 1-2 1 0—1 01 16 0 1-2®
nische Stoffe 0-1 0 0-1 0-1 0-1 0 0 1 110
imente 1-3 0-2 0 0 0-2 0-2 0 0 i
lerung 0 0—1@ 0 ) 0 0 0 o 0
_wamg 0 0 0 0 0 0 1® o
aktivitat 0 0~1® 4} 0 o 0 0 0
®  Kkein Oberflaichenwasser, Oberwiegend
ne Verschmutzung oder frelevant @} Uranminen im Niger Grundwasser und Meerwasserentsalzung
nge Verschmutzung, Wasser kann verwendet werden, ®) Oberes Zairo Basin ®  méglicherweise in KDstengebisten
Wenn geeignete MaBnahmen ergriffen werden ©  Lokale Probleme ©  mglicherwelse in Fidssen
rhere Verschmutzung @  {Jbersduerung des Badens
Chwere Beeintréichligung fiir Wassermnulzung & Die schiechtesto Qualitét wird generell
: im Mildelta vorgefunden
€: Waler Quality, Progress in Implementing the Mar del Planta Action Plan, New York, 1890
Source: GITEC 1992




Table 20:

Comparisen of Typical Magnitudes of Concentrations from Nonpoint Sources and Sewage
(Novotny and Chester, 1981)

Table 2-5 b

4

Source: Boesel 1990

S
¥
Suspended Total Total Total 9
Solida8 BODg con N 4 Lead Coliform g
5
| precipitation 11-13 12-13 9-16 1.2-1.3  0£.02-0.04 £
: &
: packground levelas 5-1000 0.5-3 0.05-0.5 0.01-0.2 0.1 g
: »
Agricultural ';
eropland 7 80 9 0.02-1.7 g
=
Animal feedlots 30 1000-11,000 31,000-41,000 920-2100 290-380 5
‘Urban storm water 100-10,000 10-250 20-600 3-1o0 0.6 0,35 103-108
: (630)P (30)
" Combined sewers 1002000 20-600 20~1000 9-10 1.9 0.37 105-108
(410) (115)
‘Municipal sewage, 100~330 100-300 250~750 40 10 107-10%
untreated (200) (200)
Municipal sewage,
treated 10-30 15-30 25-80 30 S 102-104
8511 units are in mg/l except for total coliform expressed in no./100 ml, 6
{b{ ) flow weighted averages Source: Canter 198
Table 2-5 ¢
TABLE
Summary of Nonpoint o Lo ristic?
Concsntration (mg/sitery “Area yield rale (egihalyenn)
: Surl:
oD BoD NG, -B Totsl N Todd?  oop BOD  NO,-¥ Toul N Toul ? ottt
16 12-13 0.14-1.1 113 0000 T oo - oY Tato YTy o
- - O.I-R3 031 DARLL - o783 13 00309 Forstares
= - - - - - 01 - 0.08 Rangs land
&0 7 04 ? 00247 - = Z o113 00629 Actve-crap land
Land eecelving - ) - - - T - - - +13 0829 Crop or unused land
manse ured for manuse
'I;ation tite dralnage, ditpotal
i western United States 22 020
- o 24-15 0.6-2, 24
- - - 27 1.044 Lrsigated wedtemn toils
- - 18-19 2.4-1% 0.1-23 -~ - 83 42-186 10 Irigated werern sos
- - - 10-25 040207 - - - 0.3-13 0.01-0.3 Active erap fand
110 12-160 - 3 0211 apa10 30-s0 - s 1156 Ulnumgae
25,900-31,500  10,300-13,800 - 1400-2,350  150-180 _ _ _ oo _ Munure holding sres
3,100-41,000  1,000-11,000  10-73 920-2100  290-360 439, 1360 _ 100-1,400 10-620 Contined, unenclased
animal holding aress
. 9Dpta do not reflact the extreme ranges caused by impropes uadte Management oF EXLeme ITOTM
conditions; the data represent the range of average values reporied, Snurce: Loehr 1976
Table 2-5 d Table 2-6
Herkunft der Gewdsserbelastungen TABLE 8.f N a P content in different sources (after McCarty).
leicht abbaubar schwer abbaubar
!'f;chrrlﬁl%z- N%hrf‘]: Iégat.. ls(r'tt& Salze Hetalle Source Nitrogen Phosphorus
Tac stoffe chad- (mil. kg/year) (mil. kg/year)
35 N.P stoffe ey il
Domestic wastes 500 to 720 90 to 225
Industrial wastes > 450 x
e Runoff from
o 0 +H I agricultural land 680 to 6800 54 to 545
++4 ++ +++ -+ +++ +++
Runoff from non—
+ + s + ' 0 agricultural land 180 to 860 68 to 340
Wastes from live-
) stock production > 450 x
uper 25% n:er Eesamtmenue Runoff from
?“ 25% urban areas 50 to 500 5 to 77
- " "
0 . . Atmospheric
' precipitation 13 to 265 P.5 to 4

X - no data

Source: Holy 1980



Teble 9-1, Factors affecting pesticide entrainment and transport in runoff, After Leonard (1988).

Table 2-8

Factora

Comment

Selected references

A. Rainfalllrunoff
timing with re-
spect to pesti-
cide appliction
. Ralnfall
intensity

. Rainfall
duration/
amount

. Time to runoff
after inception
of rainfall

, Water
temperature

. Soil texture and
organic matter
contents

. Surface crusting
and compaction

1. Climatic

Highest concentration of pesticide in runoff occurs in first signifi-
cant runoff event after application. Pesticide concentration and
availability at the soil and foliar surfaces dissipate with time
thereafter.

Surface runoff occurs when rainfall rate exceeds infiltration rate.
Increasing intensity increasea runoff rate and energy available
for pesticide extraction and transport. May also affect depth of
surface interaction. Increasing intensity reduces time to runoff
within storm.

Affects totel runoff volumes; pesticide washoff from foliage re-
lated to total rainfall amount; leaching below soil surface also
affected.

Runoff concentrations increased as time to runoff decreased. Pes-
ticide concentrations and aveilability are greater in first part of
the event before significant reduction occurs as e result of
leaching and incorporation by raindrop impact,

Little data available, but increasing temperature normally in-
creages pesticide solubility and decreases phyeical adsorption.

2. Soil

Affecte infiltration rates; runoff is uaually higher on finer-textured
goile, Time to runoff is greater on sandy soils reducing jnitial
runoff concantrationa of soluble pesticides. Organic matter con-
tent affects pesticlde adsorption and mobility. Soil taxture also
affects soil erodibility, particle transport potential, and chemi-
cal enrichment {actora.

Crusting and compaction decreases infiltration rates, reduces time
to runoff, and increases initial concentrations of soluble pes-
ticides

White et al., 1967; Bovey et al., 1975; Bradley et
al., 1972; Wauchope & Leonard, 1980a, b; Baker
& Johnaon, 1979; Edwards ot al., 1980; Smith
et al,, 1983; Triplett et al., 1978

Skaggs & Khaleel, 1882; Sharpley et ak, 1981;
Sharpley, 1986a

White et al., 1967; Bovey et al,, 1975; Baker et
al,, 1981; Willia et al,, 1980

Baker & Laflen, 1979; Gaynor & Volk, 1981; Bak-
er et al,, 1932; Barnett et al,, 1967

SHALVAA OVAANS OLINI INFWIAOW JAIDILSHd

Barnett et al., 1967; Bailey et el., 1974

Rawls & Brakenaiek, 1982; Rao & Davidson,
19580; Wischmejer & Smith, 1978; Foster et al.,
1980

Baker & Laflen, 1979

. Whater content

Slope

. Degree of

aggregation
and stabiilty

Solubility

. Sorption
properties

. Polarity/ionic
nature

. Persistance

E. Formulation

F. Application rate

. Placement

. Erosion control
practicea

. Residue
management

. Vegetative
buffer atrips

. Irrigation

Initial soil water content st heginning of a rainatorm may in-
crease runoff potential, reduce time to runoff, and reduce leach-

ing of soluble chemicals below aoil surface before runoff inception,

Increasing alope may increase runoff rate, aoil detachment and
transport, and increase effective surface depth for chemical ex-
traction.

Soil particie aggregation and stability affects infiltration rates,
crusting potential, effective depth for chemical entrainment,
sediment transport potential, and adsorbed chomical enrich-
ment in sediment.

3. Pesticide

Soluble pesticides mey be more readily removed from crop residue
and foliage during the initial ralnfall or be leached Into the soil.
However, when time to runoff ie ahort, runoff concentration
may be enhanced by increasing solubility.

Pesticides strongly adsorbed in soil will be retained near applica-
tion site, i.e., possibly at soil surface and be more susceptible
to runoff. Amounts of runoff when dependent on amount of soil
erosion and sediment transport.

Adsorption of nonpolar compounds determined by soil organic
matter; ionized compounds, and weak acids/bases affected more
by mineral surface and soil pH, Lyophillic compounds retamed
on foliage by leaf surface and waxes, whereas polar compounds
more easily removed from foliage by rainfall,

Pesticides that remain at the soil surface for longer periods of
time because of their resistance to volatilization, chemical, pho-
tochemical, and biological degradation have higher probability
of runoff., :

Woettable powders are particularly susceptible to entrainment and
transport. Liquid forms may be more readily transported than
granular. Esters less soluble than salts produced higher runoff
concentrations under conditions where initial leaching into soil
surface is important.

Runoff concentrationa are proportional to amounts of pesticide
preeent in runoff zone. At usual rates of application for pest
control, pathways and processes {e.g., sorption and degradation
rates) are not affected by initial amounts preaent, therefore,
runoff potential is in proportion to amounta spplied.

Pestigide incorporation or any placement below the soil surface
reduces concentrations exposed to runoff process.

4, Management

Reduces transport of adsorbed/insoluble compounds. Also reduces
tranaport of soluble compounds if runoff volumes are also
reduced during critical times after pesticide application,

Crop residues can reduce pesticide runoff by increasing time to
runoff, decreasing runoff volumes, and decreasing erosion and
sediment transport. However, peaticide runoff may be increased
under conditions where pesticides are washed from the crop
residue directly into runoff water (high initial soil water, clay
goil, intenge rainfall immediately after pesticide application),

Buffer stripas around treated fielda may reduce transport of some
pesticides by secondery inflltration, sediment depesition and
sorption on plant surfaces and debris.

Chemical application by aprinkler irrigation may move soluble
pesticides into scil surface and reduce runoff potential. Aerial
spplication of pesticides during periods of flood irrigation great-
ly increases pesticide runoff in surface drainage,
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Kniael & Baird, 1969; Davidson et al., 1975; Bar-
nett et al., 1967

Wauchope, 1978; Sharpley et al., 1981; Foster et
al,, 1980

Sharpley ot al., 1981; Foster et al,, 1980; Ahujs et
al., 1981

Barnett et al., 1967; Trichill et al., 1968; Beker et
al,, 1978; Baker & Johnson, 1979; Willis et al.,
" 1980; Balker ot al., 1932

McDowell et al., 1981;: Willis et al., 1983

Rao & Davidson, 1980; Willis et al., 1980;
Wauchope & Leonard, 1980a, b

Wauchope, 1978; Mills & Leonard, 1984; Leonard
& Knisel, 1986

Wauchope, 1978; Rohde et al., 1979; Wauchope &
Leonard, 19804, b; Wauchope, 1987b

Barnett et al,, 1967; Hall, 1974; Leonard et al.,
1976

Leonard et el., 1979; Wauchope, 1978; Rohde et
al, 1879; Wauchope & Leonard, 1980a, b

Caro, 1976; McDowell & Grissinger, 1976; Pionke,
1977; McDowell et al.,, 1981; Willis et al., 1983

Triplett et al.,, 1978; Baker et al., 1978; Baker &
Johnaon, 1979; Edwards et al., 1980; Baker et
al., 1982; Hall et al,, 1984

Asmussen ¢t al., 1977; Rohde et al,, 1980

Dowler et al,, 1982; Spencer et al., 1985

Source: Leonard in: Cheng ed. 1990




able 9-2. Runoff losses of pesticides from amall plots and single cover watersheds (1978-1985).

Conc. in Total seasonal
Rate, runoff, losses, % of
kgiha Lacation Crop/Cover pefket application Comments Reference
Runoff from natural reinfall or snowmelt
Various  Ohio No-till and conven- 480 0-56.7 No-till reduced herbicide runoff  Tripistt
tionally tilled primarily by reducing runoff et al., 1978
corn volume. Time of ranoff
Vorioue  Ohio No-4ill and conven- 1209 0-6.4 event relative to application
tionally tilled most important factor
corn
Various  Verjous Irrigation canels 260 - Applied to canals with and Anderson
: without flowing water et al., 1978
3.7 Florida Citrus 6 - Concentrations in tile outflow Whecler
generally in range of 20-26 et al., 1978
pglls
1.46-4,03 Georgla Corn 1 900 {water) 0.2-1,9 Results from comprehensive Leonard
1.53-16.3 Georgia Corn 980 000 (sad.} 3.4-10.9 studies to provids date for ef al, 1979
112 Georgia Soybean 21 {water} 0.1-0.3 mode! devalopment and
1.66 Georgin Grain sorghum 400 {watar) 6.7 testing
1.36-1,61 Georgia Corn 180 (water) 0.07-1.0
2.31-3.62 Georgia Soybean 2 070 (water} 0.1-7.2
2.24 lowa Corn 0.96 {avg.) Losses depend on time be- Baker &
2.24 Iowa Corn 2,1 f{ovg) tweoen application and . Johneon,
2.24 Iowa Corn 2.1 {avg.) runoff; decreased runoff and 1979
112 Iowa Corn 0.36 {avg.} srosion dscrsneed pesticide
losses, but not in proportion
bscause conc. in water and
sediment were higher for
congsrvation eysteme
Georgia Soybesn 283 0.1 Major differsnces in runoff Rohde et al.,
and dissipation of ethoprop 1979
Georgia Soybean 45 0.01 observed betwean liquid and
granuler formulations
Maryland Corn 16.9 {avg.) Field s0il sampling indicated Wu, 1980
Maryland Corn 0.6 {avg.} 0.16 both vertical and lateral
’ movement of atrazine, but
not of alachlor
2.8 Arizona Plnyon-Juniper 320 11 Highest runoff conc. in initial Johnsen,
runoff evant after application 980
1.10-8.96 Ohio No-till corn 5200 one event 1.85 {extreme Abnormally high conc. because  Edwards
others =100 yr, <1 other of high application rate and ot al., 1980
yr and runoff occurring 1 d after
watersheds application
1.12 Georgia Soybean a8 0.17 Triflurelin detected in surface Rohde et al.,
. runoff for 16 wk after appli- 1980
cation; nons in tile outflow
except trace 16 wk after ap-
plication
0.112 Louisiana Cotton <1 <1 Runoff losses low even under Carrol et al.,
{10 appli- extreme runoff conditions 1981
cations)
Missiseippi Cotton B 1-0.6 Lineer relationshlps observed McDowell
- between sediment yields and et al., 1981
toxaphena ytelds in runoff.
93% of toxaphene in runoff
attached to sediment; 7% in
golution
Oregon Rengeland - 0.014 Nearly oll herbicide runoff ob-  Norris et al.,
Oregon Rangeland - 0.25 served resulted from direct 1982
depoeits in stream channels
and atreambanks
Saskatchewan, Wheat stubble, 31 {avg.) 4.1 (6-yr svg) Snowmelt runoff Nicholaichuk
Canada fallow & Grover,
Fallow 8 (avg.) 0.3 1983

Toxaphene Mississippl Cotton Peuticide conc. in sediment Willis et al.,

DDT Missisaippl Cotton were directly proportional to 1983

DDE Mieeissippt Cotton aediment clay and orgenic

Trifluralin Mississippi Cotton matter cone. Storm and

ﬂield of pesticides wera
near functions of atorm
aediment yields in years
where no new applications
made. In those years, corre-
latione required separation
into similar tillage-
application regimes
; Azinophos- Louisiana Sugarcane 250 0.66 1981 losses shown were twice Smith et al,,
Methyl that in 1980, mainly because 1983

Fenvalerate Louigiana Sugarcane 0.56 of rainfall timing relative to

application, Fenvalorate
might cause problems for
aquatic hebitats immediate-
ly surrounding application

. gites .

Cyanazing 1.3-1,7 Pennsylvania No-till and conven- 0.73-5.7 Herbicide runoff reduction ac-  Hall ot al.,
tionally tilled conventional .complished primarily by 1984
corn <0.01-0.76 reduction in volume of

no-till " runoff
Picloram Toxas Bermudagrasa 250 6.3 Conditions during study Mayeaux et
strongly conduciva to herbi- al, 1984

cide transport from treated
source eren. Studies addi-
tionally traced transport
through larger watershed
system~

Sources: Leonard in Cheng ed, 1990
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Table 2-9
Conc. in Total seagonal s =2
Rate, . runoff, losses, % of . - -8 .
kg/ha Focatlon CropiCover pefgT application Comments Reference E-] .
Runoff from simulated reinfall %
2.24 Iowa Corn with varigus 1 330 (water) 11.0 avg, all Herbicide losses under conser- Baker ot al., =
treatments 5 140-420 (ged.) treatments vation tillage greater than 1978 E
2.24 Towa Sams as above 610-60 {water) 7.9 avg. all under conventional tillage; 2
3 590-510 (ged.) treatments effects of reduced n{noff 5
1.2 iowa Some as above 19-41 {wafer} 1.8 avg. all volumes offset by higher Z
treatmonts conc. Total loases of ]
Fonophos related to sedi- Q
ment transport "
2.6 Iowa Fallow with wheel- 3 800 {weter) 0,8-12.7 Runoff loases from surface ap-  Baker & E
track and pesti- 7 000 {eed.) plications compered to incor- Laflen, >
2.5 Jowa c}d" mcorpora- 6 800 (water) porated applicationa; runoff 1979 a
tion variables 28 000 {sed.j losses enhanced by wheel |2}
2.6 1o ~ tracks because of increased 4
owa zg ggg {;‘:T} 1.7-221 runoff volumes and shorter -
’ timea to start of runoff g
4.4 Varions - 087 <1 avg. Major emphasis placed on first  Wiese et al,,
’ ’ 0.30 {avg) event 1980
Limed and un- 37 Greater sediment transport of  Gaynor &
limed soil . terbutryne. Liming signifi- Volk, 1981
Same as above 0.3 cantly reduced runoff
. S wvolumes.
2.09 Towa - Fallow and plots §9-173 {water; avg.) 0.76-8.1 Values given are for range of Baker et al.,
- with corn 870-840 (sed,; avg.) averages acroas trestments. 1982
2,09 Towa residue - 83-141 (water; avg.) 0.97-5.1 Herbicide conc, not affected
§00-1110 {sed.; avg.) by placement above or below
2.00 Towa 78-220 (water; avg.) 1LO0-B.6 residue, but were negatively
880-2240 (sed.; avg.) correlated with time to
runoff which was increased
by presence of residue -
[abls 9-2. Continued.
Conc, in Total seasonal
Rate, runoff, loases, % of
kg'ha Location Crop/Cover sgikgt application Comments Reference
Runoff from irrigated fields
29 California Sugarbeets 6.2 0.03 Irrigation runoff Spencer
3.4-7.6  California Cotton 189 1.22-1.40 Irrigation runoff et al., 19856
13 California Cotton L 1.32 Irrigation runoff
2.8-13.8 Celifornia Sugarbeet and 1630 6.4-7.2 EPTC applied in irrigation
alfaifa water at 2 mg/L
1.3-8.1 California Cotton 1408 0.95-6.0 Trrigation runoff
0.96-1.1 California Cotton 18 0.14-0.29 Yrrigation runoff
0.562 California Cotton <0.5 - Irrigation runoff
0,98-2.38  California Cotton 480 0.02-0.24 Significant proportion of
losses because of aerial ap-
plication during irrigation
0.48-2.60  Californin Sugarbeet, mellon 22 0.04-0.07 Irrigation runoff
1.17-4.48  California Cotton, sugarbeot, 21 0.0003-0.09 Irrigation runoff
alfalfa, lottuce
1.02-1.12  California Cotton 473 0.16-2.0 Sigmificunt proportion of
losses because of aeriai ap-
: plication during irrigation
0.14 California Alfelfa 26 0.27 Trrigation runoff
0.28-4.20 California Lettuce, sugarbeet, ki 0.02-0.51 Irrigation runoff
aifalfa
0.14-2.1 California Lettuce, sugarbeet 27 0.003-0.32 Irrigation runoff
4,66-6,00 California Cotton .32 0.001-0.007 Irrigation runoff
0.4-5.82 Celifornia Cotton, lettuce, 223 0.13-1,78 Irrigetion runoff
. sugarbeet, alfalfa :
1.66-6.98  California Lettuce, melon 104 0.19-0.62 Irrigaiton runoff
3.2 California Lettuce 8.0 0.008 Trrigetion runoff
0.27-1.23 California Cotton 133 0.06-0.21 Significant proportion of
losses beceuse of nerial ap-
L - plication during irrigation
'trmethrin 0.10-0.71  California Cotton Ti 0-0.16 Significant proportion of
: losses because of aerial ap-
plication during application
aximurmn reported concentrations unless apecifiod otherwise.
Source: Leonard in: Cheng ed. 1990




. Pesticides in streams and water bodies resuiting from agricultural applications. Selected examples {1978-1985),

d Pesticide Cone. ranges
tems Location residues found {ngikg) Loads Comments Reference
erghed {63 ha); Riesel, TX Picloram 250 maximum from Most of herbicide leaving Experiments conducled to Mayeux
itial trentment treated 8-ha area treated area wes trans-  atudy paiterns of dilu- ot al., 1984
ide, Stream ported through the tion, transport, and dis-
taining 1772 ha 53-ha watershed- sipation of herbicides in
“hial paature system, but at reduced complex watersheds
iad concentrations
13 720 injected directly Only g small fraction of
into stream injection detected to
. pass 6400-m point. Ap-
parent loss because of
concentration decreas-
ing to below limit of
detection
Japan CNP 0.01-16.67 Highest levels found Suzuki
above 4 wk after rice et al, 1978
planting and when
flood watere released
from paddies.
Lincoln, NE  Atrazine 14-24 Results based on limited Schepera
: Alachlor 0-1.4 sampling during ot al., 1980
fmajor crop Propachlor 0.68-3.0 ] drought yeara
Creek. Watershed Allen Co,, IN 2,4,5-T 0.2-1.7 Atrazine, alachlor, car- Dudley &
bofuran, and malathion Karr, 1980
not detected
ney Creek Watorshed  Northweastern Atrazine 87t 7.6% of applied atrazine Study reports higher con- Baker et al.,
nd rivers of Northwest ~ Ohio Simazing 74t oxported from Honey centration values than 1981
Moetribuzin 2.3t Creek Watershed in expected from other
Alachlor 1051 1881 published sources; how-
Metolachlor 140% ever, rainfall during
Butylate 0.491 study was two to three
Phorete 0.241 times above long-term
Terbufos 0.641 average. Author con-
Fonofos 1.01 cludes that concentra-
Carbofuran 451 tiona observed not
acutely toxie to fish
* and fnvertebrates, but
may produce inhibitory
growth effecta on
plants and algee
a River, 600 km up- Argentina Lindane 0.009% Sediment transported pes- Lenardon
am from mouth Parathion 0.0221 ticides were positively et al., 1984
Alpha-BHC 0.0083 correlated with dis-
charge a8 was sediment
. concentrationa
water, surface water 205 sites in DBCP 0-0.4 In area of high use, 3T% Carter &
ce3, ponda, and South : of surfece water samples Riley, 1981
ers), and municipal Caroline exceeded background
ter - {0.05 pgfL} levels, but
none nbove 0.4
“orested watersheds Central Ten- None - : - 1.68 kgtha a.i, hexazinone [Neary, 1983
" nessee applied as polleta. No
detactable residue in
streamflow for 28-wk
after application
ted watershed; 104 Upper Pied- Hexozinone 442 + b3 first event maxl- 0.53% of application Authors conclude thet Neary et ak.,
i containing four 1-ha mont, GA mum for treated area. {avg. from watersheds) residue not high enough 1083
vatérsheds 0-40 hexazinone + for aquatic damage
metabolite in streamflow
for 104-ha watershed

Wyo: River Estuary ) Eastern Atrazine 0-300 edge of field; 16 >3% moved in estuary  Herbicide level rarely ap- Glotfelty
Chesapeake meaximum in eatuary; proached levela that et al., 1984
Bey region <3 avg. in estuary at would reduce aquatic
peak loading photoaynthetic rate
Simazine Simegine concentration in

estuary significantly low-
or than for atrazine

s drainage basina ~ Chesapeake ‘Linuron <10 {sed.} No spperent accumula-  Zahnow &
surrounding Chesapenke  Bay area : < (.2 water tion of inuron in Riggleman,
By estuary 1980

e River Watorshed Chesapepke  Atrazine 0-40 Little corralation betwe_en Wu et al,
Bay, MD use and hericide loading 1983

Alachlor 0-6 rates In water; herbi-

: cides in runoff from
nontreated areas pug-
gested aerial or aubsur-
face traneport in addi-
tion to surface runoff

gricultural watersheds Cenadian 18 parent compounds Atrazine 1.1, 1.6§ 202 ghayr Report summarizes exten- Fronk et al.,
BIgin, i'rbsize from Great Lokes plus isomers and  Endosulfan 0.0037, 0.002§ give atudies on pesti- 1982
=19 ilTl Basin, Co. = metaholites found Simazine 0,02, 0.06§ cides In streamflow;
Ontario in drainage watera, concentrations of four
Organochlorinea pesticides {organochlo-
not in current use rines consistently great-
also detected. Only er than established
atrazine, endosul- water quality criteria.
fan, and simozine Ne harbicide conc.ent_ra-
appesred year round tions exceeded criteria

aximum values observed. § Mean valuea, § Ovarall menn for 11 watersheds 1976 and 1877, respectively.




Table 2-10

Table 26: Classification of Pesticides by Availability index A2 (Wauchope and Leonard, 1930)

Asgigned Value of
A, ppb ha kg‘l

Properties of Pesticide or
Applicstion Situation

Pesticide Data Used in A Calculation
Common Name

10,000

3,000

1,000

300

Wettable powders applied to
soil surface

Soluble salts which strongly
bind to clay particles

Soluble salts applied to
foliage

Nonionic pesticides
applied in diesel oil

Soluble salts applied to
soil

Granular and pelleted
pesticides, regardless of
solubility--even if
incorporated

EC (insoluble), persistent
peaticides applied to foliage

Incorporated but persistent

Insoluble pesticides applied
to soil surface

411 incorporated but not
peraistent pesticides except
granular/pelleted soluble
salts

EC {insoluble) and nonper-
sistent pesticides applied
to foliage

Cyanazine, prometryne, fluometuron, simazine,
atrazine, terbuthylazine, diphenamid, pro-
pazine, propachlor, metribuzine, linuron

MSMA, paraquat

Arsenic acidb, 2,4,5-T,2,4-D, picloram,
dicamba
2,4,5-T ester®

2,4-D, picloram, 2,4,5-T, dicamba, Ffenac

Picloram, endrin, fonofas, dieldrin,
carbaryl, carbofuran, diazinon

Endosulfan, endrin, DDT, toxaphene, diuron,
methoxychlor

Dieldrin

Alachlor, 2,4-D ester, methoxychler

Atrazine, dichlobenil, trifluralin

Parathion

_after application,

ed data available

€ ratio between application rate (kg/ha) and runoff concentration (ppb) if runoff occurs immediately

Nic acid was not used as a "pesticide", but as a defoliant, in this experiment.

SAHLAILDY WANLINDINSY 3

SLOVAWT UOS ONv d3lvan

Source: Canter 1986




salt-nffected i

North America 15755 ha

Ceniral America 1965 ha " includad in

South America 120183 ha 10000 ha

Africa 80538 ha 12000 ha
Southarn Asia 64838 ha inchuded in N-Asis
North./ Cant,-Asia 211686 ha 220000 ha
SE-Asla 19983 ha seo N-Asia,

Australia 357330 ha 2200  ha

Europa 506804 ha 30000 ha

total 952082 ha 306200 ha

salt affacted soils include: Solanchaks and solls with saline phasas, Solonetz, and solls with alkaiine pha-

sos; figures from Szaboles 1979
irrigated solls in 1985: figures from Framji ICID 198

Tasiz 2. Disteibution of salinity and alkalinity in countries most extensively affeeted (expressed in §,000 ha)

Ater Solorcbabs Saling phate Solonrix AlhuHret phaer Totul
North America
Canzda — 264 6,974 -_ 1,238
United Sates of America -_— 5917 2,350 — 8,517
Mexico and Central America
Cuba — s - - e
Mexlco 242 1,407 - -— 1,649
South America .
Argenijna §,905 30,568 11,818 41,321 35,612
Bolivia - 3,23 716 — HR
Braxil 4,141 —_ 342 — 4,503
Chile 1,360 314 - 3642 6,642
Colombia " - — - 207
Ecuador 87 — — - w
Paraguay — 20,008 1,004 _ 21,902
Peru 21 —_ — — 21
Venerula 1240 -— - — 1.240
Africa
Alare and Tnsas i 1,682 —_ - 1,741
Algeria 1,132 1,389 -_ 129 3,150
Angols 126 4 & — 526
Botswana 1,1 38N el 610 5,679
Cha 2,417 - k% Lin 8,267
Egypt 3,283 4077 — — 7360
Ethiopia 9 10,289 — 425 11,033
Gambin — 150 — — 130
Ghans 200 — -— 18 38
Guines - 515 — -_— 415
Quinea-Ripau — 194 —_ — 194
Kenys - 3,501 909 - i 4,858
Liberin —_ 362 “ _ 406
Libyan Arab Jamahiriya $05 158 ' —_ — 2457
Madagascar n _ -— 1,287 1,324
Mali — 1,170 — — 2,170
Mauritania 150 450 -— — 40
Morocco L 1,106 _ — 1,148
Namibia 362 -— 1,151 — 2313
MNiger — — 1 £373 1489
Nigetia 435 210 -_ 3832 6,502
Rhodaaln — e — %6 26
1 14§ oM — — 765
Sierra Leone — 7 —_ — w7
Somalia 1,043 526 3744 9 5.602
Sudan —_ 113 _ 2, 4874
Tunitia 950 - — —— 90
United Republic of Cameroon -— —~— — (4] 47
United Republic of Tanzania — 1,954 - 583 3,537
Zaire - 3 — — 53
Zambin -— —_ —_ 863 863
Sowih Asig
Afghanisian 194 N - — 3101
Bangladesh — An - 53 3007
Burma s34 - —_ — 634
india 2979 20,243 — 574 23,796
Tean 24,817 1,582 - 486 27,085
g 6519 a1 - — 6.726
lsrael 28 — — — b2
Jorden ™ 106 — — 180
Kuwait 9 — - — 209
Muscat and Gman %0 — — — 290
Pakistan 103 9,353 — — 10.456
Qutnr n — — —_ 225
Sarawak — 1,528 - — 1538
Saudi Arabls . 6,002 — — — 6,002
Sri Lania 180 0 —_ — 200
Syrian Arab Republic — 532 — — 32
United Arab Emirmics 1,089 —_ — —_ 1,089
Norsh and Central Asla
China - 7307 13,914 — a7 34,658
Mongolin 378 342 — — 4,070
Solomon Istands — 238 —_— L e 238
USS.R. 11,430 39,662 30,062 89,366 170,720
Sourh-East Asta
Democratic KXampachea — 1,191 —_ — 1,291
Indoaciin —_ 13213 — — 13,213
Mahysia - o040 -_— — 3,040
Sociallst Republic of Yiet Nam - 983 — - 983
Thatland — 1,436 - — 1436

Awtralasia
Aunralia
Fiji

. 18,567

Table 3-1b




‘Table 17: Irﬁgnted 1and damaged by salinisation in the top five irrigators and the world
estimate for mid 1980s. ‘ : Table 3-1 ¢
Area damaged Share of irrigated Tand
Country . . damaged’
(Mha) . (per cent)
Tndia’ ' 20.0 ' 36
China _ 70 ' ‘ 15
United States . . 5.2 S 27
. i l
Pakistan - 3.2 : S 20
Soviet Union ) 2.5 12
Sub-total 179 24
" World S 60.2 . .24
Source: Postel (1990).

Table 11; Global extent of hurian-induced salinisation.

; Table 3-
Light Moderate Strong- - Exireme Total 2a
Continent (Mha)  (MRa)  (Mha)  (Mha) (Mha)
Afda - 4T 11 24 - 1.3
Asla - - 268 B.S 174 0.4 52.7
South America 1.8 0.3 .- - 2.1
Nerth and Central Amedica 03 . L5. 05 - 23
Eurcpe . 1.0 - 2.3 0.5 - 3.8
Australasia . 0.5 . 0.4 0.9
Total _ M6 08 W4 03 76.6
Source; Oldeman, et al. (1991b).
Table 10: Human-induced soil ‘degradation for the World.
able 10: Hamann o e ™ Table 3-2h
Type . - . Light " Modérate - Strong . Exireme - Taml:
. (Mha) . (Mba) . (Mha) (Mba) - (Mha) (Per cent)
Loss of Topsoil = 3012 4545 6.2 - 38 920.3
Terrain Deformation  * 42.0 S T2 56,0 ‘2.3 ‘173
WATER - w2 ss1 w2 . 66 10937 557
Loss of Topsoil 2305 - 2135 o4 09 asez
Terrsin Deformation - .38.1° 30.0 14.4 - 82.5
Overblowing A 2% 0.5 o I
WIND 2686 - 2536 4.5 e s83- 279
Lons of nutrients: 524 @1 - 198 . 1353
Salisiizatio 4.8 204 20.3 08 763
Pollution 41 114 0.5 - 21.8.
Acidification LT 27 13, . .53
CHEMICAL 930 103.3 419 0.8 me1. 122
Compaction EE T TR SEAS | & I - 682 ‘
Waterlogging -6.0 3.7 0.8 - ‘ 10.5
Subsidence organic sdils 3.4 Lo 0.2 - 46
PHYSICAL -, 442 =~ 268 . 123 P & 42
“Total (Mha) “749.0 o105 2987 93 - - 1964.4
(Peccenty 31 . 461 oIS 0.5 . 100

Source: Oldeman et al. (19910). "~ Source: from Ghassami et al. 1993 (draft)




Table 3-3 a

Tablels - dlolﬁal-esﬁlﬁatb of:se;;,ondai'y SaJiMSa_ﬁon in the world’s ir_rigéted lands.
o " ""'Cmpﬁed'nt-u“ ' hﬂgnud..lru“ | Sharof In‘ig_lle o Salt sffocted - Share of salt
Coumry ' . . o T . . cropped ares land in ,Ir:s-ud t:rfec:dd :ond
D X . 7 #ees® pated la
' ) Qe - (per cont) - Fhi) per cent)
“China’ 96,57 . é.ss a2 670 150
Dotia 16099 i ‘s 10, 65 .
s 18IST 048 5 370 15.1
Uated Saen fron g 98 =y 34
m;m w16 16.08 s i 5.2
ta "14._&5 s ;387 15 300
Thalland : 1'2@).03 X 40 199" 040 10.0
Eamt gy 169 - 1000, ‘ 088 no
-Aummf' : Caa 143 T " os 87 .
" Atgeetina _ 2828 . i . A8 es T ml
SouﬂiAfnu ; Y 119, RRTE 00 : 39
sub-ml . - - pazay BT Y Ty . 3109 "200
‘Wot ‘wma 2_2:7'.11 T saT STV R 1) -_

Source: (a) Data for 1987 fom FAO (1989); (b} Data For 19805 from different sources
referred to in part two of this publication. R L
| Source: Ghassami et al. 1993 (draft)

Table 3-3 b

Pakistan: Indus Basin, (1954), river salinity is low; increasing groundwater salinity in downstream
stretches. totally 18 Mio ha, 10% saline, 24% partly saline

Upper Indus: 11 Mio ha, saline 6%, partly saline 14%
Lower Indus: 7 Mio ha, saline 18%, partly saline 39%
annual increase in damage: 20,000 ha (1950s); 40,000 ha (1960s)
in total out of 28 Mio arable land 23% are salt affected. {FAD 1971)

Totally, some 40% of irrgated soils are affected by waterlogging, of which some 14-17% are serio-
usly affected {watertable within 1.5m). About 40% of the total areas have saline groundwater.
{Anver in: ICID (STS-B2) 1991).

lran. 16.8 Mio ha are arable land; 7 Mio ha are saline (naturally or human-made)

lrag3.6 Mio ha arable; 1.9 Mio cultuivated (1962), 50% are strongly saline {(declined yields at all
degrees), in irrigated areas 20-60% are alfected by salinity, less often in northern parts {higher
rainfall).; major cause: waterlogging, use of saline waler; high sodicity and alkalinity in places;
drainage systems are only recently introduced, hence, and accumulation of salts and buflt-up of
soil salinity and shallow water table over millennia {Dieleman 1977).

Saudi Arabia: Large scale problems in new development schemes, due to lack of drainage sy-
stems; tradilional systems only affected by sewage from big schemes

Libya. Large scale problems in some new developed schemes: use of safine irrigation water, lack
of drainage systems, selection of unsuitable soils {primary salinity); development of suitable land
with minor problems; often excellent water quality, artificial or natural drainage of new systems
created ocassionally problems of waterlogging and salinization in adjacent traditional irrigation.

Haili. Large scale development may create problems if inherent soil properties are not considered
and under poor water management; analysis revealed that -after 22 years development - slightly
saline soils are desalinized and problems aggrevated in soils already saline prior to irrigation (Pe-
termann 1986)

Jordan. About 12% of Jordan Valiey soils are affected {recently developed areas) (FAO 1970).

Syria. 8 Mio ha arable land; some 6.6. Mio ha are cultuivated, some 0.5 Mio irrigated; 50% of irmi-
gated areas (0.22 Mio ha) in Euphrates/Khabour Valleys are affected by salinity: 10% pf area ab-
andoned, 15% high and 25% moderate yield losses in 1970s. (FAO 1970).

Egypt. About 0.8 Mia ha, ie 30% of arable land is affected by salinity, waterlogging and insufficient

natural darainage (FAO 1970). In New Valley irrigated soils: 25% are non-saline, 50% moderately
saline; 25% strongly saline (either top- or subsails); under continuous irrigation with good manage-
ment soils become desalinized under irrigation initial salt contents are moderately high, ocassional- -
ly extremely high; extreme secondary salinization on low lying areas without drainage; proper sele-
ction of irrigated areas, average waler management practices and adequate draiange can avoid
degradation. :
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Table 8.8. Soil loss under different vegetal covers

Cover Slope Soil loss
(per cent) (kgm 3y
Primary tropical rain forest — 0.009 {1
Secondary tropical rain forest — 0.013 {1
_ 7 0003 @
Temperate mixed woodland 19 0.005 (3}
Dense savanna grass 4 0.005-0.02 {2)
Lucerne 9 0.025 (4)
Blue grass 9 0.007 @
Maize (shifting cultivation plot) — 0.03 (1)
Maize (1st year in maize/oats/
clover rotation} 9 44 {4)
Maize (with grass bunds) — 0.7 (5)
Maize {no conservation} — 12 (5)
Maize (rows up and down slope) 9 9.4 {4}
Maize (on subsoil) 9 128 {4)
Coffee (clean weeded) — 22 (5)
— 18-5.5 (5)
Bapana 7 1.5 (4]
Banana (trash mulch) — 0.05 (5)
Manioc 7 9.0 )
Sorghum 2 0.3-1.2 (2)
-— 2.6-52 3
Cotton 2 0.05-1.9 vi]
Ground nuts 2 0.3-1.2 94]
Crotalaria 7 40-50 (2)
Uptand rice (1st year) -_ 0017 (1)
Upland rice (12th year) — 0.289 m
Bare soil in humid tropics 7 10.0-17.0 @
Bare soil in savanna 4 1.8-3.0 )
Bare soil in temperate climate 19 1.0 3
After (1) Kellman, 1969; (2) Roose, 1971: (3) Morgan, 1977; (4) FAO, 1965; {5) Temple, 1972b. 7o
Source: Kirkby/ Morgan ed, 1980
Table 8.1. Recommended values for maximum permissible soil loss (kgm~? y™%) Table 3-4
Mego-scale (e.g. field level)
Deep fertile loamy soils; values used in the Mid-West of USA 0.6-1.1°
Thia, highly erodible soils 0.2-0.5**
Very deep loamy soils derived from volcanic deposits, e.g. in Kenya 1.3-1.5*
Soil depths: 0-25cm 0.2
25-50 ¢cm 0.2-0.5
$0-100 cm 0.5-0.7°
100-150 cm 0.7-0.9
over 150cm 1.1
Probabie realistic value for very erodihle areas, e.g. mountains in
the tropics 25
Macro-scale {e.g. drainage basins} 0.2
Micro-scale (e.g. construction sites) 25
After* Wischmeicr and Smith (1965); * Hudson (1971); * Smith and Stamey (1%65); “ Arnoidus (1977).
2oy o wylae ; i - ) A (‘ I 3_‘;_{\.’ } t"l
Source: Kirkby/ Morgan ed. 1980
Table 1.1 Rates of erosion in selected countries (kg m™2 y™) Table 3-5
Natural Cultivated Bare soll
China <020 15.00-20.00 28.00~36.00
USA 0.003-0.30 0.50-17.00 0.40- 9.00
Ivory Coast 0.003-0.02 0.01- 9.00 1.00-75.00
Nigeria 0.05 -0.10 0.01- 31.50 0.30-15.00
India 0.05 -0.10 0.03- 2.00 1.00- 2.00
Belgium 0.01 -0.05 0.30- 3.00 0.70- 8.20
UK 0.01 -0.05 0.0t- 0.30 1.00- 4.50

Sources: Bollinne, 1978; Browning, Norton, McCall and Bell, 1948; Fournier, 1972; li (i and Tan, 1981: Lal
1976; Morgan, 1981a; Rao, 1981; Roose, 1971. iang, Qi and Tan, 1981: Lal,

N)

Source: Morgan 1986




Table 1.5: TOTAL ESTIMATED ANNUAL COSTS OF SOIL EROSION ON JAVA Tab‘e 3-6
(US$ milliom)

West Java Central Java Yogyakarta East lJava Java
On-Site 141.5 29.1 5.7 138.6 315.0
off-Site
Irrigation System 1.7-5.7 0.8-2.7 0.1-0.5 1.2-4.0 7.9-12.9
Siltation
Harbor
Dradging
(1984/85) 0.4-0.9 0.1~0.3 - 0.9-2.2 1.4-3.4
Reservolr 9.0-41.3 3.5-16.3 - 3.8-17,3 16,3.74.9
Sadimentscion
Total 152.6-189.4  33.5-48.4 5.8-6.2 1&44.3-162.1 340.6-406.2

d Bank (1989a).
Sourcas  Wordd Bank ( * Doolette/ Magrath 1990

PESTICIDE IMPACT ON THE ENYIRONMENT
a1 Table 3-7
Table 12-1, Relation of physicochemical properties to environmental behavior.
Physical chemical data  Related to
Solubility in water Leaching, degree of adsorption, mobility in
environment, and uptake by plants
Partition coefficient Bioaccumulation potential, and adsorption by
organic matter
Hydrolysis Persistence in environment or biota
Ionization Route and mechanism of adsorption or uptake, persis-
tence, and interaction with other molecular species
Vapor pressure Atmospheric mobility, and rate of vaporization
Reactivity Metabolism, microbiological, and photochemical
and autochemical degradation
Source: Madhun/Freed in: Cheng ed. 1990
. . Table 3-8
Table 2-1. Pesticide sources and environmental exposure pathways.
Pesticide Transport Exposure Receptor (Pop-
source process - pathway ulation at risk}
Canopy Volatilization Inhalation/skin contact Human, animals
Crop residue Volatilization Inhalation/skin contact Human, animals
Soil surface Volatilization Inhalation/skin contact Human, animals
Root zone and Volatilization Inhalation/skin contact Human, animals
below
Grain/foliage Manufacturing/ Food/ingestion Human, animals
feedingt )
Crop residue Overland flowt Surface water [potable Human, fish ;
water})/ingestiou i
Runcff Overland flowt Surface water (potable Human, fish

water and food chain) :
Eroded soil par- Overland flowt Ingestion surface water  Fish !

ticles and formu- {food chain)/ingestion,
lation—bound contact

Leachate-dissolved- Leaching/per- Groundwater {potable Human, animals
bound on e¢ol- colationt water)/ingestion

loidal particles

+ Environmental flux of concern to either on-site or off-site receptors. After Bailey et al.
{1985).

Source: Himel et al. in Chehg ed. 1990




Tabla 14-1. Status of knowledge concerning pesticide fate processes.

1. Transformation processes
A. Sorption
1. Hydrophobic pesticides
Causative factors known
Sorbate—hydrophobic, low water selubility
Sorbent—organic matter content
Predictor—K,, o Ko, % fraction of organic matter; well-tested rela-
tionship
Isothecrn behavicr—variable—reversible or irreversible, linear or nonlinear
Desorption—Kkinetically controlled
2. Hydrophilic pesticides
Causative factors not well known
Sorbate—acidic in character, pKa
Basic In character, pKb
Tonic
Sorbent—not well known
Lewis acid-base character or complexation capability
Predictor-—prototype, not tested
Desorption-—not wetl understood
B. Microbial tranaformations .
1. Hydrophobic and hydrophilic pesticides in an oxidizing environment
Causative factors known—temperature, pH, nutrient, and moisture
content
Mechanisms known for major families
Transformation products known (their environmental behavior not well
characterized)
Otrgenism specificity—essentially known
Kinetics—well known
2. Hydrophobic and hydrophilic pesticides in an anaerchic environment
Causative factors—Eh, pH, O nutrient content—not well known
Redox cliemiatry not well understood
Kinetics—not well defined
Organism specificity—not well known
C. Chemical transformations
1. Hydrophobic and hydrophilic pesticides In an oxidizing environment
Structure-reactivity relationships fairly well known
Causative factors—pH, temperature, ionic gtrength—well known
Surface catalytic properties of heterogeneous media surfaces—early
definitive stage
Mechanisms—hydrolysis, (acid, bass, and neutral} substitution, elimi-
nation, and ring cleavage—well known
Kinetics—generally well known
Products—geperatly well known
2. Hydrophilic and hydrophobic pesticides in an anaerobic environment
Causative factora not well known
Mechanisms—early definitive stage
Kinetics—not well known
Products—not well known
D. Photolysis
1. Water
Causative factors—fairly well known
Role of Fe, Mn, and DOC content currently being defined
Mechanisms-—known for major families
Predictor—prototype available
2, Soll surface
Causative factors, pathways, mechanisms, known, ressarch in its
infancy
. Foliar or crop residua nurface
Similer atage as photolysis on soil surface .
Effect oefi leaf morphotogy and hiochemical character on process not
defin
E. Bioaccumulation/biomagnification
Causative factors not entirely known
Data on hydrophobic pesticide bioaccumulation/magnification known
Predictor—first-generation pharmacolinetic prototype availabls for
fish
I1, Transport processes
A. Volatilization
1. Soil aurface
Causative factors—vapor density, soil matrix properties, and meteoro-
logical conditiona—well known
Predictors—screening level simulation models available
2. Foliar surface :
Causative factora not well known
Predictor—not available
B, Drift ' :
Caugative factors—partially known
Predictor—simulation models
C. Ercsion/pesticide overland flow
Causative factors—generally well known for solution end sediment-
bound pesticides
Predictor—simulation models available
D. Washoff
Causative factors—pertially known
Predictor—prototype model available
E. Infiltration
Causative factors—known
Predictor—equations available
F. Percolation and leaching in subsoil
Causntive factors—generally known except for spatin! variability of
soil properties
Predictor—coupled advective/disperaion model with linear or non-
lineat/reversible or irreversible sorptive algorithma are available.
Generally, not well tested, Tranafer function model available but not
well tested.
G. Groundwater/pesticide transport in aquifer
Causative factors not well-defined
Predictor—1, 2, and 3D models available, not widely tested
H. Aeolian pickup and transport
Causative factors generally known
Applicable pesticides—sorhed pesticide
Predictor—models available, but in question and being re-avaluated

Source: Bailey in Ch_gn

g &d. 1990




: Tabie 2. Effects of Salts on Adsorption of Herbicides by Soils and Soil Components®
Sall effect
= lonic lonic
- : . strength strength Experimental
- ‘Adsorbent Herbicide <l >1 conditions
- ‘Montmorillonite Na Fenuron -t + NaCl
= Montmorilonite Na -~ Fenuron ! 0or- + NaCl ]
o Montmoriflonite Mg Monuron MeCh,y Identica! )
S concenlrations
- Mantmorillonite Ca CaCl, _ _
' “Soils Terbutryne - + NaCl ldenucal jonic
- : strengl
- Atrazine KCl1
- CaCl,
‘Goethite 24-D , - + NaCl o
o Soils 1,3.5-triazines + KC! Identical onic
o : strength
Substituted ureas NH,Ci
o CaCl,
sols Fictoram i ke Cancentations
- R c
- . : CaCl,
Soils Prometryn + NaCl Identical
= ; Fluometuron - CaCly concentrations
- aAfier Calvet (19800 ) . o
- 'by = no efiect; — = the adsorption decreascs as the ionic strength increases; + = the adsorption inereases with the ionic strength,
- Behavior of Herbicides in Irrigated Soils Table 3-12
Table 7. Half-Life (Days) of Some Paddy Herbicides in Flooded Soils®
-~ Table 3-11 {erbicide In laboralory experiments® - In paddy fields*
- . . 24-D 30-40 13, 48
o ‘table 1, Effect of the Temperature on the Adsorption of Herbicides by Organic 2.4-D ethyl <1 hr
crials. Minerats, and Soils® MCPA 3,04, 7.7, 15, 20 7, -
. ; MCPA ethyl 7-14
- . Effect of Phenatlsiol < 5
“:o orbent Herbicide lemperature Dalapan 3-5.14-21 10-15, 2031
o P _ pCP 5, 10-17, 12-70 (mean 30), 60 3--10, 6-7, 10-17
L Simazine b . : L b h v
- ?1?};“802?0““3 Benthiocarly 7-100 {mean 40) 3-8,7,8,11,62
e i 24.D - Molinate 7,15, 18, 30 <1, <35, <5, <5, <9, 11
Monimorillenite 24D 0 g“'“"_ " 2(}9'1] 017 151- 1-14 <10
Montmogillonite i Paraguat 0 Nr'll:’s:::?:nilid ; c: L 2(1;: .
i H 4 N " .
o amide
- Vemiauliie Na Parsquat : Do a3 o
- . . 0 i - N
- [ g:,?,r:;:: 0 Credazine 50-150 22, 45
- Afrazine 0 Trilluralin 9,10, 22, 45 10, 43
. 24-D 0 Nitrofen 3-35 mean 1) ~14
e Himic acid A:sruzine ¥ Chiornitrofen T 35 tmean 15), 17, 35 7.9, 12,03, ~1t4
TG gk ; Chlomethoxynil — 7-35 (mean 153, 30 1-8
umic acid Atrazine + Difenox 4.1 44
. Lignin o . '
- iimic acid Atrazine + g;:::‘:g: 25‘333;?8 Is. 15
- reoal Prometon 0 Simetryn <.3',' ‘61 :
24-D - _ .
oits 1,3.5, triazines - iromelr}; ne 12%01 20 180
] Alachlor - D:,"“qua - 150
. oils Picloram - lquat >
Soils §2 dinitroanilines - TData callecled from various sources: after Crosby, 1983.
“Afier Calvet (1980} "Ea-:h chemical was mised with soil and incubated at 25 10 30°C in dark.
- = 1o effect; ~ = adsorption decreases as iemperature increases; + = adsorption increases Jﬁz?lslcme in soils in paddy rice fields in Japan. Most herbicides were applied in May or
- terperature. .
i
I s
Table 3-13
o 114 B. Yaron, Z, Gerstl, and W.T'. Spencer
Table 8. Fate of Molinate When Applied in Paddy Seils®
- ' Estimated
" Process loss (M)
Soil adsorption and metabotism <10
= Plant uptake and metabolism <5
- Aqueosus microbial metabelism <1
_ Hydrolysis <]
= Photolysis 5-10
- } Volalitization lo atmosphere 15-85

2 Afier Crosby (1983),

Sources: Yaron et al. 1985




Kontamination von Boden

2.7

Tab. 2.7.3/4: Mittlere Gehalte (mg/kg) einiger Mikro-Nihrelemente und potentiell toxischer Elemente in Gesteinen
(n. WEDEPOHL 1984, Lockersedimente n. BLUME, BRUMMER 1984)

As Be B Cd Co Cr Cu Hg Mn Mo Ni Pb Se Sm T vV ZIn
Kontinentale Kruste 34 1% .08 .10 1% 88 35 .02 800 1.5 45 15 08 2.5 .49 109 69
Uhrabas. Gesteine 1 05 150 1600 10 03 1600 0.3 2000 1 0.5 06 A0 50
Basalte, Gabbro 1.5 06 .04 .10 48 168 %0 02 1 3%0 1 134 35 .08 15 08 251 100
Gneise, Glimmersch. 4.3 3.8 .10 .10 13 76 23 (2 600 (1.5) % 16 .08 25 .85 60 65
Granit, Gesteine 1.5 55 .19 .09 4 12 13 03 325 1.8 7 32 04 35 11 94 50
Grauwacken 8 3 .07 .09 20 50 45 11 750 07 0 14 0.1 {3) 20 67 105
Tonsteine 10 3 13 13 1% 50 45 .45 850 1.3 68 22 0.5 25 .68 130 95
Katke 2.5 (0.5) .02 .16 2 11 4 .03 700 0.4 15 s a9 LY 05 20 px}
Sandsteine 1 .05 0.3 35 5 .03 50 0.2 2 7 0B 15
L&f .5 L2) 9 g 15 .02 300 12 28 34 1.8 64 53
Geschicbemergel 8 0.3 7 35 15 .04 400 1 18 20 3.4 29 40
Meerschlick 11 0.3 8 15 .01 460 22 43 96
Sande 1.3 0.1 1.5 <3 <.01 46 1 5 10 3 3.3 11

{ ) wenige Daten

Kontamination von Béden
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Tab, 2.7.3/6: Nariicliche und anthropogene Quellen der atmosphirischen Belasrung, Angaben in 108 g/a (nach
LaNTZY und MCKENZIE 1579, aus MER1AR 1984)

narirlich anthropogen
Element Kontinent. Vulkan Vulkan Indust, Fracht gesamte Atmosph,

Staub " Staub Gag Partikel d. foss. anthrop. Interferenz-

Fracht Fracht Fracht Emission  Brennstoffe Emission  faktor!)
Al 356 500 132 700 8.4 40 000 32 000 72 000 15
Ti 23 000 12 000 - 3 600 1 600 5 200 1$
S5m 32 9 - 7 5 12 29
Fe 190 00O §7 750 3.7 75 000 32000 107 000 39
Mn 4 250 1 800 2.1 3000 160 3160 32
Co 40 30 0.04 24 20 44 63
Cr 500 84 0.005 650 250 940 161
v 500 150 0.05 1 000 1100 2100 323
Ni 200 83 0.0009 600 380 980 344
Sn 50 2.4 0.005 400 30 430 821
Cu 100 93 0.012 2 200 450 2 630 1363
Cd 2.5 0.4 0.01 40 15 55 1 897
Zn 250 108 0.14 7 000 1 400 8 400 2 345
As 25 3 0.1 620 160 780 2786
Se 3 1 0.13 50 20 140 3 390
Sb 9.5 0.3 0.013 200 180 380 3878
Mo 10 1.4 0.02 100 410 510 4 474
Ag 0.5 0.1 0.0001 40 10 50 8 333
Hg 0.3 0.1 0.001 50 60 110 27 500
Pb 50 8.7 0.012 16 000 4 300 20 300 34 583
) Toerh o - totale snthropagene Emission

totale sarirliche Emission

Table 3-14

Table 3-15

Sources: Blume ed. 1992




Tab, 2.7.3/17; Physiclogische Notwendigkeit und potentielle Toxizitit fiir Pflanzen und Tiere {n. ADRIANO 1986).

Table 3-16

Ernihrungs- Potentiell toxisch  Bemerkung
physiologisch ii
essentiell bzw. niitzlich
Element  Pflanze Tiere Pflanze Tiere
Ag - - + .
As - + + + Wirkt bei Pflanzen in geringeren Konz. toxisch
als bei Tieren
B + —_ +
Ba - ?
Be - - + + Bindungsformen wichtig
Bi - — + +
Cd - - + + Bereits in geringen Konz. toxisch, Anreicherung
iiber Nahrungsketten
Co + + + + relativ ungiftig, starke Anreicherung iiber Nah-
rungsketren :
Cr - + + Bindungsformen entscheidend fiir Toxizitit
Cr¥1 sehr giftig
Cu + + + Org.-komplexe Bindung in Béden
Hg - - + Anreicherung iber Nahrungsketten
Mn + + Lislichkeit im Boden stark Redoxabhingig
Mo + + + In Pflanzen stark angereichert, bereits in gerin-
gem UberschuR fir Tiere roxisch
Ni - + + + Sehr mobil in Pflanzen, relativ ungiftig
Pb - - + + Weit verbreitet iiber die Atmosphire
Sb - - + Relativ unlaslich
Se + + + + Bereits in geringem Uberschuf fir Tiere toxisch,
synergistische, antagonistische Wirkungen mit
anderen Spurenelementen
Sn - + + Relativ ungiftig, geringe PAanzenaufnahme
Ti - - - Sehr mobil in Pflanzen
v + + + Bereits in geringem Uberschuf toxisch
W - - Geringe Gehalte in Boden und Pflanzen, un-
laslich
Zn + + Weite Spanne zwischen Pflanzenbedarf u. Toxi-
zitir. Fiir Tiere besteht oft Mangel
g Mikro-, Mokrondhrstott Schadstotf
= A - R
fn’
£ 4
2 “Non= Eftect=-
E Level”
Abb. 2.7.3/10: EinfluB der nE-
Konzeatration von Mikro- g
und Makronihrstoffen sowie P
Schadstoffen auf Pflanzen-

wachstum und Ertrag (sche-
matische Darstellung, n.,
BROMMER 1989)

Stotl- Kanzentration im Boden

Source: Blume ed. 1992




Tab, 2.7.3/18: Transferkoeffizient Boden-Pflanze, normale Gehalte in Béiden, normalc und kritische Konzentrationen

von Schwermetallen im Pflanzenmaserial (Bezug anf T.5.) (aus SAUERBECK E985, n. KLOKE et al. 1984; ergianzt). Table 3‘17 a
Element normal Grepzw.l) Transfer-
in Béden KocHizieat normal krit. fiie krit. als '
mg/kg mg/ kg Boden-Pflanze in Pllanzen Pllanzenwuchs Tierfuter
o Cd 0.01- 0.7 3 1 -10 < 01 - 1 5 - 10 0.5 1
_;’;,% : Co 1 - 10 (50) 0.01- 0.1 0.01 - 0.5 10 - 20 1 - 50
= Cr 2 - 50 100 0.01- 0.1 < 0% - 1 1 - 2 ¢~ 3000
- 5 Cu 1 - 40 100 01~ 1 3 - 15 15 ~ 20 it - 100
S Hg 0.01- 05 2 0.01~ 0.1 < 01 -~ 0.5 05- 1 > 1
Ni 2 - 50 S0 61 -1 01 - 3 20 - 30 56 - 40
Pb 01 - 20 100 £0.01- 01 1 - 5 10 - 20 1 - 30
Tl 001- 0S5 (1} 1 -10 < 0.5 - % 0 - 30 1 - 3
Zn 3 - 50 300 1 =10 15 ~-150 150 - 200 300 - 1000
o

i} As 01 - 20 (20) 0.01- 0.1 < 01 - 5 10 - 20 > 50
B 3 -100 (25) 1 =10 s - 10 > 75 150

Be 0.2 - 40 0.0~ 0.1 0.01- 0.5 > 1 ?
F 20 -400 (200} 6.01~ 0.1 i - 5 > 50 40 - 200
Mo 02 - § 0.1 -10 01 - 23 »>100 10 - 53
Se 0.01- § {5) 61 -10 0i1- 2 10 - 20 4 - 3

Sn 1 - 20 0.01- 0.1 ? > 60 ?
- v 0.01 - 200 01 -1 01 - 1 10 10 —~ 50

NG der Klrschl d { 1in Disk
Table 3-17 b

Kontamination von Baden
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o Tab. 2.7.3/21: Schwermetallgehalte von belastungsgefahrdeten Boden Nordrhein-Wesifalens im Einfluflbercich ver-
schiedener Belastungsursachen {Angaben in mg/kg Boden, Erklirung teilweise im Text, n. KONIG und KRAMER 1985).

. : Element Grundbe- Normal- Klir- Strafflen  Emission Uber- Erzabbau  Grenz-
| . lastung  gehaltel)  schlamm {Rhein-  schwem- wertel)
- Ruhrgebiet) mung
Cd 0.8 0-1 0.8 0.9 1.4 2.7 37 3
Zn 110 0-50 120 160 250 480 610 300
Pb 50 0-20 40 65 70 150 810 100
Cu 20 0-20 35 18 40 75 30 100
Cr 30 0-50 70 30 35 60 30 100
Hg 0.30 0- 1 0.25 0.35 0.35 1.10 0.43 2
’ Ni 50 0-50 23 17 oz 39 25 50

1) Normalgehalte nach Kioke (1980) %) Grenzwerte der Klirschiammverordnung

Tab. 2.7.3/19: Relative Akkumulation von Schwermetallen in efibaren Pil ilen verschied Obst- und Gemii- Table 3'18
searten (n. BERGMANN 1988) Lt
Akkumulation R
hoch mittet niedrig sehr niedrig
Salat {Lactuca sativa) Griinkoh] (Brassica Kopfkohl (Brassica ofer.} Bohnen (Phaseoius)
Spinat (Spinacia oler.) oler. var, acephala) Zuckermais {Zea mays)  Erbsen (Pisum sativurm)
Mangold {Beta vulgaris Kohl {Brassica oler.) Broceoli (Brassica oler. Melonen (Cucurmis melo)
var.cicla) Rote Riiben (Beta vulg. italica} Tomaten {Lycopersicim
’ ' . o Endivie {Cichorium conditiva} Blumenkohl (Brassica esculentum)
endivia) Steckriihen (Brassica oler. var. botrytis) Paprika {Capsicum
Kresse {Lepidiurn latifol.) rapa) Rosenkohl (Brassica annuum)
Mohren {Daueus carota) Rettich {Raphanus oler. gemmifera) Eierfrichte (Solanum
sativus) - Sellerie (Apium melorgena)
Karoffel (Selanum graveolens) Kernobse, Steinobst

tuberossm) Beerenfriichte

- : . Sources: Blume ed. 1992




Tab. 2.8.4/2: Wasserqualititsvergleiche (in mg/1) nach AUTORENKOLLEKTIV, 1972; VEu u. Epom, 1981; Bau.
MANN et al., 1976; GTZ, 1984

Spale 4: Angaben zur Einleirung i.d. Sffeacliche Kanalnee

Table 3-20 a

Source: Blume ed. 1990

Wastewater agricultural nutrients

Nutrients kgll, 000m?
N 30
P 10
K 30

LAY

j/k._l L«E,"in
5o 2 ban
ft.)’ (G
36 "L”’

Source: Shuval et al, 1986

Stofle Trinkwasser Abwasser Kanalein- Landw.
hiuslich leitung Anspriiche
1 2 3 4 5
KMnO,-Verbr. 0-12 S00—-1 450 -~ 12-4 000
BSBs 0-4 200 - 400 500 25-50
Leitf. g§ x cm-! 100 - 400 1 800 -4 200 - 7503 000
Salzkonz. 50-250 1200-2 700 - 500-1 500
Reakyion, pH 6.5-8.5 7.6-8.6 6.5-10.0 5-8
Gesamr-Rilckst. 100 -1 000 500 -1 400 - 5 000
Glihvertust - S~65 200-1 000 - b
Org.geb. Kohlenst. 5-40 50-420 - “
Kjeldahl-N 0-15 4-50 - b
Mineral -N 5-10 5-55 - -
Gesamt-P 0.01~1.5 10-50 - b
Phosphar-P 0.001-0.1 1-1§ - -
Niar-N 0-20 0.2-20 - 1-10
Nirrit-N 0-0.06 0.05~0.1 6 1
Ammonium-N 0-0.4 5-50 80 25-120
Chlorid 0-250 100 -1 000 500 140 =350
Sulfat 0-150 50150 300 - 600 300
Hydrogencarbonat 1-100 1200 - 2-10
Natrium 10-50 50-450 - 20-50
Kalium 210 10-80 - »
Calzium 15-70 30-80 - -
Magnesium 0-60 10-20 - *
Eisen 0-0,20 0.1-0.7 5 2-20
Sauerstoff 6-12 . 0-3 - Sartgung
Ges. Hiirte, mmaol {-1 0.4-5.5 2-10 - *
Carb.-Hiirte mmol 1-1 0.4-22 3.9-7.6 - *
Kohlendioxid 1 - - -
Cyanide 0.05 0.01-0.05 ¢.1-20.0 0.05-1.0
‘Chrom 1 0.05 0,025 -0.05 3 0.01-1.0
. Chrom VI - - 0.5 -
Zink 0~15 5-15 5 1~10
“Kupfer 0-1.5 0.1-1.0 2 0.2-5.0
Cadmium 0-0.006 0.005-0.01 0.5 0.1~-1.0
> Arsen 0-0.2 0.01-0.05 1 0.1-2.0
Sulfit-Schwefel 0-0.0§ 0.05-0.1 2-5 -
krives Chlor 0-0.3 - 5 0.3-1.0
Gesamt-Phenol 0-0.001 0.002-0.5 50-100 5-250
- Teer 1] 1] 10 -
erte, Ole 0 20-40 250 5-10
. Waschakr. Sub. 0 0.5-10 10 50 -~200
: Lasungsmirel 0 - 1 -
fuminium 0-0.08 - = 520
[ei 0-0.3 0.05~0.2 2 0.5-10
Fluoride 0-1.5 2-20 60 S 1-15
Quecksilber 0-0.004 0-0.05 0.05 0.001 -0.02
‘Selen 0-0.008 0-~0.005 1 0.001 -0.02
Nicket 0-0.05 0-0.02 4 0.2-10
ntimon 0-0.01 - - -
Barium 0-0.1 - - -4
ilber 0-0.01 - - -
Mangan 0-0.1 0-0.05 - 0.5-10
‘Bor - 1 - 1-2
Beryllium - - - 0.1-0.5
(obalt - - - 0.2~5.0
ithium - - - 2.5-5.0
Molybdin - 0-0,005 - 0.01 -0.05
; Vanadium - - - 0.1-1.0
Zinn - - 5 -
‘Urochrome 0-0.2 20-60 50 -
Legende: Spake 2: Sweubrei Her Trink qualitdt Eurapas Spalte §: Angshen .d. Jandw. Ab g
Spalte 3+ Ab qualitic der Bundeszepublik Deurschland - = keinc Angaben i.d. Literatur = = keine Begrenrung f.d. Stof

* = Fflanzenndhestofl, Bodomverbesserung, hohe Konz, erwiinschy

Table 3-19

Table 3-20 b

Table 2.4 Typical properties of primary effiuents

(Thomas and Law 1977)

Concentration
Constituent Range Median
mg/l
Solids
Total dissolved 200-1500 500
Total suspended 50--150 100
BOD 65-200 135
CcoD 150-1750 135
Nitrogen
Total 10-60 40
Free ammonia 7-40 30
Nitrate ——— <0.1
Phosphorus, total 5-17 8

Source: Feigin et al 1991




Table 3-21 a
- Table 2.2 Concentration of trace elements in raw and treated municipal eflluents and the permissible level in irrigation water' and upper limit for O
rinking water for livestock® 3
&
Water quality g:i
criteria for ]
irrigation® Upper limit g
Raw wastewater Primary efflluent . Secondary efMuent for drinking ¥
Long-  Short-  water €
Range Median  Range Median Range Median term term? {livestack) f
=]
mg/l K
-— — — — — — 5.0 — 5.0
< 0.0003-1.9 0.085 < 0.005-0.03 < 0.005 < 0.005-0,023 <0.005 0. 10.0 02
—_— — — — — — 0.1 — 0.1
< 0.123-20.0 — <0.01-2.5 1.0 <0.1-25 0.7 0.75 20 5.0
< 0.0012-2.1 0.024 < 0.02-6.4 <0.02 < 0.005-0.15 < 0.005 0.1 0.05 0.05
<0,0008-81.3 0400 < 0.05-6.8 < 0.05 <0005-1.2 0.02 0.1 200 1.0
— — — — — — 0.05 — 10
<0.0001-36.5 0420 <0.02-5.9 0.10 < 0.006-1.3 0.04 0.20 5.0 05
— — - — — -— 1.0 20
—— — — — — — 50 — Not needed
0.001-11.6 0,120 < 0.02-6,0 <0.2 0.003-0,35 0.008 5.0 200 0.1
— — — — — — 25 — —
— — — — -— - 0.2 e 005
< 0.0001-30 0.110 0.000t-0.125 00009 < 0.0002-0.001 00005 — — 0.0t
<00011-09 — < 0,001-0,02 0.007 0.001-0.0018 0.007 0.04 005 —
0.002-111.4 0.230 <0!-1.5 <01 0.003-0.6 0.004 0.2 20 —
< 0.002-10.0 0.041 < 0.005-0.02 < 0,005 < 0.005-0.02 < 0.005 0.02 0.05 0.05
— — e - — — 0.1 — 01
<0.001-28.7 0.52 <0.02-2.0 0.12 0.004--1.2 0.04 20 100 24.0
Chang and Page (1983); Page and Chang (1985).
Ayers and Westcot (1985). B
The maximum conceniration is hased on a water application rate of 1200 mm/yr, In cases of higher rates, the maximum concentration should be adjusted
ccordingly.
¥ ~4

For use on fine-textured soils.

Table 3-21 b

Table 3.16 Range in concentrations of selected trace elements in dry digested sewage sludges®
{Chaney 1989)

. Typical Maximum
Reported range median Typical domestic
Element® Minimum Maximum sludge soil sludge
14 230 10 — [
1 3410 10 01 25
Cd/Zn, %, 0.1 110 08 — 1.5
1.3 24%0 0 — 200
84 17000 800 t5 1000
10 99000 500 25 1600
80 33500 260 200 1000
A 0.1 15.4 1.7 20 40
0.6 56 6 — 10
Mn 2 9870 260 500 —
Mo 0.1 Y700 20 — 15
i 2 5300 80 25 200
Pb® I3 26 000 250 1 500
26 29 14 — —
17 17.2 5 — —
101 49000 1700 50 2500

*Composting using wood chips as a bulking agent generally produces composted studge 50%, as high
in trace elements as a digested sludge from the same treatment plant.

"mg/kg unless otherwise noted.

“Sludge Pb concentration has dropped significantly during the 1980's in the USA due to reduction of
leaded gasoline.

Sources: Feigin et al. 1991
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Tab. 2.7.3/18: Transferkoeffizicnt Boden-Pflanze, normale Gehalee in Biden, normale und kritische

Konzentrationen

von Schwermetallen im Pflanzenmaterial (Bezug auf T.5.) (aus Saurieck 1985, n. KLOKE et al, 1984; erpini),

Element normal Grenzw.'} Transfer-
in Béden Kocffizient normal krit. fir krit. als
mg/kg mg/kg Boden-Pllanze in Pflanzen Panzenwuchs Tierfuter

Cd 0.01- 0.7 3 1 - 10 < 01 - 1 s - 10 0.5~ 1
Co )] - 10 {5 00— 01 0nr - 0.5 1w - 20 10 - 50
Cr 2 - 50 100 0.01 - 0.1 < L - 1 1 - 2 50 - 3000
Cu 1 - 40 1) -1 3 - 15 15 - 2 0 -
Hg 0.01- 0.5 2 001~ 0.1 < &1 - 05 05— ! > 1
Ni 2 - 50 50 [ T | ol - 5 20 - 30 M - 61)
Ph 01 - 20 100 .01 - 4.1 1 - 5 - 20 1 - 30
Ti 0.01- 0.8 {1} 1 - I < (LS - § 20 - 30 | I 5
Zn 3 - s 300 1 =14 15 -150 150 - 200 300 - 100
As 01 - 20 {20} 0.01 ~ 0,1 < 0] - § - 20 > 50
B 3 —imn {25) 1 — 1) S -3 > 75 150
Be 0.2 - 4) 0.01- 1 0.01- 4.5 > 1 ?

F 20 —-4(0) (2490} 0.01 - 0.1 1 - 5 > 50 40 - 200
Mo 0.2 - 3 0.1 -10 01 - 3 > 1(H) 0 - 58
Se 0L~ 5 (5) 0l -1 01~ 2 "W - 4 - S
Sn 1 - 20 001 - 0.1 ? > 6l ?

v Q.01 - 200 t1 - | L8 B | 1 | 11— 30

"y Greazwene der Klirschlammyerordnung; ¢ ) in Diskussion

Tab. 2.8.4/5: Enrziige von Spurcnclementen durch die
Vegetation bei Abwasserbewiisserungen (n. ISKANDAR,

1981)

Element Konz. in Ernte-  Abwasser Relation
Planzen  entzug zufuhr Zufuhr

zu Encrug
mgxkg~? gxha-1 gixha-! v.H.
xa-! xa~!

As 1 3 60 5

B 50 150 12 000 1.25

Cd 0.5 1.5 60 2.5

Cr. ges. 0.5 1.5 300 0.5

Cu 15 45 1200 3.75

Hg 0.02 0.06 1 0.55

Mo 1 3 60 3

Ni s 15 240 6.25

Pb 2 6 600 1

Se 0.5 1.5 &0 2,5

Zn 50 150 1 800 8.3

Ertragsbasis fiir Ernteentzug: 3000 kg - ha=1 TS;
Abwassergabe: 1 200 mm - a-!

Table 3-22 b

Sources: Blume et al 1992

Table 3-22 a




Table 320 Movement of viruses through soil in relation to wastewater application (After

Frankenberger 1985}

Nature of Nature of Distance Percentage
Virus type fuid medivm Flow rate of travel of removal
T1,TL12 Distilled water 9 types of 0.078-0.313 mi/min 45-50 cm =99
with added soils from
salts California
Poliovirus 1 Distilled water, Dune sand 1-2 mi/min 20cm 99.8-99.9
107*N Ca
and Mg salts
Poliovirus 2 Distilted water Low humic 41-57m*m *day ™! 4-15cm 96-99.3
latosol
Poliovirus 2 Secondary Sandy gravel — 60m 100
eMuent
Coxsackie Spring water Garden soils - 90cm 50
T4 Distilied water Low humic 41-51m*m~*day " 4-15cm 100
fatosol
T7 Secondary Sandy forest - 19.5cm 99.6
treated .
Indigenous Secondary Loamy sand Intermittent 3-9m 100
cnteric eMuent soil avy: 0,02cm/min

Table 3.3 Movement of bacterla through soils

Source: Feigin et al. 1991

Noture of fluid Type of organism Soil type Maximum
distance of
travel (m)

Tertiary treated wastewater Coliforms Fine to medium 6.1

sand

Secondary effluent on percolation Faecal coliforms Fine to loamy sand 9.1

beds 1o gravel

Primary sewage in infiltration beds Faecal streptococei Silty sand and grave} 183

Inoculated water and sewage Bacitlus Crystailine bedrock 28.7

injected subsurface stearothemophilis

Sewage in buried latrine Bacillus coli Sand and sandy clay 10.7

intersecting groundwater

Canal water in infiltration basins Escherichia coli Sand dunes 11

Source: Frankenberger {1984)

Source: Pescod/Arar 1988

Table 4.2. Survival times of selected excreted pathogens in soil and
on crop surfaces at 20-30°C

Pathogen

Survival time {days)

On crops

Viruses
Enteroviruses?

Bacteria
Faecal coliforms
Salmonella spp.
Vibrio cholerae

Protozoa
Entamoeba histolytica
cysts

Helminths
Ascaris lumbricoides eggs
Hookworm larvae
Taenia saginata eggs
Trichuris crichiura eggs

< 100 buc usually <20

< 70 but usvally <20
<70 but usually <20
< 20 but usually < 10

< 20 but usually < 10

Many months

< 90 but usually < 30
Many months
Many months

< 60 but usuaily <15

< 30 but usvally < |5
< 30 but usually < I5
<5 but usually <2

< 10 but usually <2

< 60 but usually <30
< 30 but usually < 19
< 0 but usually <30
< 60 but usually <30

#includes poliovirus, echovirus, and coxsackievirus.

From Feachem et ai, {1983), reproduced by permission of the Weorld Bank.

63

Source: Mara/Caircross 1989

Table 3-23
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Table 3.18 Survival of pathogens in soils* and crops®

Table 3-26
Organism Survival time in soils {days) Survival on crops {days)
Coliforms 38 <30 (<15)F
Streptococci 35-63
Fecal streptococci 26-77
Salmonellac 15— =280 <30 {<15)
Shigella spp. — 10(<5)
Vibrio cholerae — 5¢(<2)
Salmonetla typhi 1-120
Tubercle bacili > 180
Leptospira 15-43
Entamoeba histolytica cysts 6-8 <10{<2)
Enieroviruses 8-175 < 60
Ascaris ova Up to 7 years
Hockworm larvae 42 <60 {<30)
Brucella abortus 30-125
Q-fever orgamisms 144 Source: Feigin et al. 1991
%% !
o Survival times of excrated pathogens in feces,
% night soil, and sludge at 20-30° ¢ Table 3-27
|
i Survival time
Pathogen {days}
o
- : Viruses of
- Enterovirusea.~ <100 but usually <20
Bacteria
Fecal coliforms < 90 but usually <50
o Salmoniella spp. < 60 but usually <30
o Shigeila spp. < 30 but usually <i0
Vibrio choleraa < 30 but usually <5
Protosoa
- Entamosba histolytica cysts < 30 but usually <13
f% Halwinths
. Ascavis lumbricoides egge Many months
D
- */  fncludes polio-, echo—, and coxaackieviruses.
o
-
ﬂ% : Survival times of excrared pathogens in freshwater
and sewage at 20-30° C Table 3-28
Survival time
Pathogen {days)
. virusesd!
?@ ; Enteroviruneuy - <120 but, usually <30
Bacteria . .
Fecal cnlifomaﬂ" < 60 but usually <30
Salmonella sp ]!’ b < 60 but usually <30
Salmongl.s
Shigella spp.~ < 30 but usually <10
Vibrio chnt:raes" < 30 but usually <10
Protozoa., ' :
Entamoeba histalytica cysts < 30 but usually <15
3 * Helminths '
Ascaris lumbriocoides esge Many months
% a. In seawater, viral survival is less, and pacterial survival is very much
1ess than in freshwater. -
b. Includes polio=, echo-, and coxnackieviruses, . .
c. V. cholerae survival in agueous enviconments is still uncertain.
Pactors affecting survival time of enteric bacteria in soil
. Table 3-29
Soil factor Effect on bacterial survival
Antagonism from soil Increased survival time in sterile soil
microflora . '
Moisture content Greater survival time in moist soils and during
times of high rainfall R
Moisture-holding capacity~ Survival time is less in sandy soils than in

Organic matter
pH

Sunligh'l‘:

Temperature

soils with greater water-holding capacity

Increased survival and possible regrowth when
sufficient amounts of organic matter are present

Shorter auzvival time in acid soils {pH 3-5) than
in alkaline soils -

Shorter survival time at soil surfaca

Longer survival at low temperatures} longer
gurvival in winter than in summer

Sources: Shuval et al, 1986

Source: Adapted from Cerba, Wallis, and Melnick (1975).




MICROBIAL DEGRADATION OF PESTICIDES IN RICE SOILS

Tabls 1. Relative stability of pasticides in floodad and nonflooded solls.

Concen- Soll Time {deys) for 50% disappearance
Posticide tration sam-
{ppm) ~ ples Floodad Nonflooded
Insecticidea ,
BHC {y-, a=, 8—, 8-) 5 4 20 Ne degradatlon
in 28 days'
Dot 20 4 10-45 N? deg;adglti,on
n 28 days
Mathoxychior 30 4 5-40 a0b
Heptachlor 16 4 15-86 . gob
Chiordane 15 4 No dag:;dation No degradat'i:on
in 90 days in 90 days
Dieldrin 15 4 No degradation No degradalli,on
in 90 days in 90 days
Endrin 20 1 [:] No degradation
in 60 days®
20 k] No degradation No degradation
a .dg 60 days ;rslcsﬂ dayst
— >
Aldrin 20 4 80 35-50"
Parathion 50 4 2~-9 No degradation
in 15 daysd
Diazinon 10 3 15 ;’
isoxathion 30 3 <20 40
Carbofuran 30 1 20 95:
Sevin 30 2 13 27
Herbicidas R
PCP 100 7 30 50,
Nitrofen 10 5 1 50,
CNP 10 5 15 50,
Chtomethosxynil 0 5 16 s0'
Benthiocarb 20 5 30-60 10-26" )i k
Swep 5 5 7 2
Propanil 1 1 1 v
Picloram 1 2 60180 90180’
2,4,5T 0 1 a5 Eh
10 1 17 84!
2,4D 20 1 28 9!
20 1 36 3g!
Amiprophos — 1 10 som
Trifluralin 1.3 1 3-10 150"
Benefin 23 1 4 40°
Fungicides
PCNB 100 3 20 No dogradatj)on
in 60 days’
DCNA 100 3 530 No degradat;on
' in 60 days'
Hinosan 50 1 4 109
Kitazin P 10 1 14 10°

%Yoshida and Castro, 1970. BCastro and Yoshida, 1971. “Gowda and Sethunathan, 1976.

Sethurnathan and Yoshids, 1973c. °Sethunathan, unpublished data, 1971, INakagawa et al., 1975.
9venkateswarlu et al., 1977, "Wenketeswarlu and Sethunathan, unpublished data, 1977, ‘Matsunaka
and Kuwatsuka, 1975. iChen et al., 1978, kishikawa ot al., 1976. Yoshida, 1975b. MTomizawa, 1975.

"Probst et al.,, 1967. °Probst and Te

Sethunathan, 1976, "Tomizawa et al., 1976.

, 1969. PWang and Broadbent, 1973. Y9Rajeram and

IRR! 1978

481
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Dic krisenhafte Situation der menschlichen Existenz 95
Tab. 10: Nettoprimirproduktion von Teiiékosystemen in p C {(Annabme: | g € Table 4-1a |
= 2 g'Trocken-Biomasse). Nach Licth, Whittaker u. Likens, Likens, Wetzelu. a., |
in: Ricpl '
N Produktivititin  Flichenaus- % der Erd-
Okosystem gC m™?-Jahr™'  dehnungin% produktion
Erde total ca. 150180 100 % 100%
marine Gkosysteme @ca. 75 71 % 32- 35%
offener Ozean 1- 200 65 %
Auftriebsgebiete 200~ 500 0,1%
Kontinentalsockel 100- 300 5 %
Korallenrifie usw. 250-2000 0,1%
FluBmiindungsgebiete 100-1750 0,3%
terrestrische Okosysterne @ ca. 370400 21 % 61- 67%
Giletscher, Kiltewiisten,
Trockenwiisten - 5 4,5%
Tundra 5~ 200 1,5%
Halbwiisten, Buschwiisten 5- 125 3,3%%
borealer Nadelwald 100- 750 2,2%
sommergriiner gemiligter
Laubmischwald 2001250 1,3%
warmtemperierter
Mischwald 300-1250 0,9%
Hartlaubwald, Trocken-
biische, Waldsteppen 125- 750 1,6%
tropisches Grasland
(Steppenu, Savannen) 100-1000 2,8%
warmgeméBigtes Grasland
(Steppen, Wiesen) 100- 750 1,7%
regengrine Monsunwilider 300-1750 1,4%
tropische Regenwilder 500-1750 3,2%
oy
3 Kulturland 50-3500 2,6% Abb, 22, Zusammenhang zwischen Fliichenertrag und Naturschutzwert
_— " 407 2.7.3.99 beim Rauhfutterbau,
limnische Okosysteme Bea. 125 0% i34 gluelle: H.\:.tltlg)cm 1588, Abb. 3, p. 14. kStE (Kilo-Stiirkeeinheit, in der Rin-
. o o o ermast giiltig) und GJ NEL (Gigrjoule Nett Laktation i
Fliisse und Seen 1-2500 2,0% 0,3-0,6% Milchkuhfiitterung) sind Nettoerf:z-giemnﬂe, 3?: :Tc; d:ntw;-l: Q:sd;:ttters
Siimpfe und Marschen 400-1750 2,0% 2,4-2,6% E::,““};‘f‘;‘,’é‘f";; I;ﬁssimhﬂm Br;{nnwen enthiilt t kg guies Heu mehr kStE
. echtes Heu,
Source: Kinzelbach 1989
(R1.11) Durch Landwirtschaft ist die fiir den Menschen Figur 4-1b
verfughare Erntemenge pro Fliche stark erhdht ‘
worden. Gegeniiber der Sammlerkultur hat sie
sich etwn vertausendfacht.
Erntgertrag erforz‘d.F]ache
kdfn * a m /Mensch
Sammlerkultur 1- 40 400000
Landwirtsch. ohne Energiezufuhr 100 - 4000 4000
Getreideanbau mit Energiezufuhr 4000 - 40000 400
Algenkuituren mit Energiezufuhr 40000 - 160000 40 Source: Boesel 1990
Figur 4-1c
3
g
Halbtrock 1 oder Kleinseggenried, \ )
‘vielo gefBhrdefe Plianzenarten )
%
£
Traditloneile Mahwieas, o
hoher Naturschutzwert %
P El
| :
H a
Feltwlese oder- welds, g £
wenlg arlenreich =
8 &
g =
Silomais, = a
nahazu chne Begleltfiora T~z
' &
kSIE 1060 2000 SUIDO 4600 5060 6500 5
GJ NEL 10 20 a0 40 50 60 a
——  Flachenertrag E

Source: Hampicke 1991




Table 4: The Impact of dams on fish, pasture, and agricuiture i
African floodplains g production on
Floodplain Areain Area remaini E
1960 (ha) in 2020 (ha) o, :ﬂiﬂ,‘ﬁ?
Sanegai delta 300,000 30,000 80%
Sanegal valley 550,000 55,000 90%
Niger delta 3,000,000 2,700,600 10%
Niger valley 300,000 150,000 50%
Sokolo and Rima 100,000 50,000 50%
Hadsjia Komadugu 380,000 38,000 00%
Logone 1,1 00.600 660,000 60%
Source: Dugan 1990 {Modified after Drijver & Rodenburg, 1988)
Verursacher (Landnutzer und Wirtschaftszweige) Zahl der Table 4-3
betroffenen
Pflanzenarten®
Landwirtschaft 513
Forstwirtschaft und Jagd 338
Tourismus und Erholung 161
Rohstoffgewinnung und Kleintagebau 158
Gewetbe, Siedlung, Industrie 155
Wasserwirtschaft 112
Teichwirtschaft 79
Verkehr, Transport 71
Abfall- und Abwasserbeseitigung 71
Militar 53
‘Wissenschaft, Bildung, Kultus 40
Lebensmittel- und pharmazeutische Industrie 8
Ubersicht 7. Ursachen und Verursacher des Riickgangs von Pflanzen-
arten der Roten Liste in der Bundesrepublik Deutschiand
Ursachen (Okofaktoren) Zahl der
betroffenen
Pflanzenarten*
Anderung der Nutzung 305
Aufgabe der Nutzung 284
Beseitigung von Sonderstandorten 255
Auffiillung, Bebauung 247
Entwiisserung 201
Bodeneutrophierung 176
Abbau und Abgrabung 163
Mechanische Einwirkungen 123
Entkrautung, Rodung, Brand u. . 115
Sammeln 103
Gewiisserausbau und -unterhaltung 68
Aufhéren von Bodenverwundungen 59
Einfiihrung von Exoten 43
Luft- und Bodenverunreinigung 38
Gewissereutrophierung 36
Gewisserverunreinigung 35
Schaffung kiinstlicher Gewisser 27
Herbizidanwendung, Saatgutreinigung 26
Verstidterung von Dorfern 22
Aufgabe bestimmter Feldfriichte 8 Source: Hampicke 1991




i
- : Table 8: Principal threats to protected wetlands In Asla, .
' Tabl
- able 4-5
i Threat ‘Incidence
(% of sfies)
o : Hlegal hunling 48
e
o Dralnage or jon of land ler agricul purposes and human selllement - 45
lllega! fishing and/or overfishing 92
Cutting of wood for domestic purmposes 20
. Pollution lrom domestic sewage, Indusirial waste, pesticides and fertilizers 26
. ; Ovargraring by domeslic livestock 23
o Commaerchal logging 19
; Cutting of aguatic vegetalion for fodder, fuel ete. 15
Harvesting of eggs of waterbirds and/or repliles 15
Eutrophication 12
Source: Data are laken from 89 proteciad Asian wellands of i ional imp idered o be under
moderate (o severe threat {modified irom Scoll and Poole, 1963).
Dugan 1990
Teble 5: Examples of Threats to Protected Watlands Table 4-6
Threat Example )

Groundwater absiraciion The Tabias de Dalmia) National Park {Spaln) has for several years
experienced an acute shorlage of water caused in large pert by uso
of groundwaler for Irigated agricufiure in the surrounding land
(Lamas, 1888), .

Dams “in Tunisia, the waler supply of Lac kchkeul, a Ramaar and World

Heritage site, has bean reduced through dam construction in the
catchmeant (Hokiis, 1588}

Paliulion -0 InBrazi, gold mining In the basin of the Paraguay river has resulted in
severe mercury pollulion of the waters of the Panlanal.
The delicatoly poised wetiend ol Everglades Malional Park

are lhruata;lec_i by auvident runoff from pealland converled to agri
and by alared water flows into the Park,

Siltation The weilands of Gonarezhou Natlonal Park in Zimbabwae are subjec| to
sitting and pallution because of agricuitural activitias in the basin of the
Lundi and Sabi rivers which feed the park {IUCNUNEP, 1887}.

Drainage In Uruguay, epproximately ona third of the Bafiados detf Esta, a Ramsar
site and Unesco Biosphere Rasarve, has basn drained for agricultura.

Source: Dugan 1990

-
Table 4-7
Table 3. Productiviry per 100m’ of water for a natural floodplain (inner delta of the Niger) and an
irrigated rice scheme (Office du Niger)'
Niger inner delta ‘ Qffice du Niger
Meat Milk Fish Rice Total Rice Total |
Total weight (t} 10 118 100 78 100
Weight/ 100m’ (g) 44 506 427 235 5 003
Value/100m’ ($) 0.02 0.20 0.17 0.03 0.42 0.55 0.55
Protein/ 100m’ (g) 8 17 77 18 119 190
Energy/ 100m® (kcal} 83 318 401 853 1 656 i3 749
Inputs/ 100m’ ($) 0.12
Fertilizer 0 0 0 0 0.01
Management 0 0 Very small 0.08
. Oxen ete. 0 0 Very small 0.03
Profit margin
' per 1G0m’ (3} 0.42 0.43
et .
Loss of interest
per 100m’ ($) 0.00 1.08
0 Net profit
per 100m’ ($) +0.42 - .65
i 1. The assumptions underlying this table are detailed in Drijver and Marchand, 1985.
b Source: Drijver and Marchand, {985, ;
Source: Hoolis et al. 1988




fapie 2 Welldricd JUBLTONS Grid Wil iethidit i wanii

Imponance

Role Elements Funciion 10 humankingd Unwise use
Store/sink  Rare, threatenad Genetic diversity Gene pool Excessive or
or endangered Recolopization Science/education uncontrokled
plant and animal source Tounsm harvesi
species and Recreation Damage removal or
communities Heritage pollution
Representative Ecoiogical Gene pool Excessive or
piant and/or diversily Science/education upcontroiled
animal Habitat Tourism harvest
communities maintenance Recreation Damage removal or
Heritage poliution
Peat Nutrient, Fuel, Drainage
conaminant Palaco-environmemal data  Harvest faster
and energy store Horticultural use than
Habitat support Heritage accumulation
Water storage Medicinal products Destruction
Human Archaeological Heritage/cultural Destruction
habitation remains Scientific Lowering the
sites Recreation water-table
Pathway Terrestrial Food ¢hain Food production Interruption or
nutrients, water supporn Water supply abnormal change
and detritus Habitat Waste of Nows
suppon disposal Pollution
Twlal exchanges Food chain Fish, sheiifish Pollution
of water suppornt and other food Barriers to
detritus and Habitat suppont production flow
nutrienls Nursery for Waste disposal Dredge and
aquatic organisms fill
Animal Suppor for Harvest Overexploiation
populations migratory $pecics Recreation Interruption of
including fish Science migration routes
Obsiruction
Habitat degradation
Lakes and Wategpays Navigation Obstruction
rivers N Reduced flows
and tevels
Builer Water bodies, Flood attenuation  Reduced damage Filling and
vegetation, to propeny reduction of
soils and and crops storage capacity
depressions
Water bodies, Detention and Food Removal of
vegelation, retention of production vegeution
soils and nutrients Improved waler Drainage and
depressions quality flood prowection
Waler bodies, Groundwaler Water supply Reduction of
vegewation, recharge and Habitat recharge
soils and discharge maintenance Qverpumping
depressions EfMucnt dilution Pollution
River fisheries
Navigation
Water bodies Locat and global Equable Desiccation
and peat climate climate for
stabilization agriculture and
people
Water bodies Large volume Cooling waler Drainage
Large area Filling
Thermal poliution
Producar Production Food, materials Harvest of Qvergrazing
of plants and habitat timber, thatch Qverexploitation
for migratory fuel and food Drainage
species and Science Excess change 10
grazing animals Recreation dry land or
other agricultural
uses
Animal Fish, shellfish, Harvest and Overexploitation
production grazing and farming Excess change
fur-bearing Habiuat degradation
animals
{rganjc matter Methane production Fuel Drainage
Nutrient cycling Plam growth Desiceation
Sink Lakes, deltas Sediment Raised soil Channelization
Noodplains deposition and fertility Excess reduction
detention Clean downstrean of sediment
channels throughout
Improved water
quality downstréam
Lakes, swamps Bio-chemical Natural filter Destruction of
and marshes self-purification for conlaminants the ecosystem
Mutrient Treatment of Qver-loading
accumulation Organic wastes, of the system

Source: Holiis et al.. 1987.

pathogens and
eflluents

Table 4-8

Source: Hollis et al. 1988




Table 15.40 Contribution of tropical areas to the global flux (102 g/yr) of CH,, N;O,
H,, and CO between different ecosystems and the atmosphere (After Seiler and

Conrad, 1985)

Total Tropical areas

CH, emission by rice paddies 70-170 67-162
CH, emission by wetlands 11-57 9-46
CH, emission by ruminants 72-99 20-50
CH, emission by termites 2-5 2-5
CH, emission by biomass burning 53-97 42-78
CH, uptake by soils 32 25
N,O emission from soils 4.5-17 315
N,O emission from fertilized rice paddies <0.1 <0.1
H, uptake by soils 70-110 3040
CO uptake by soils 190-580 7040
CO emission by plants 50-1040 40-75
CO production by photochemical oxidation of

CH, and NMHC 700-2200 560-1800

Source: Lal ed, 1991

Table 5-1

Table 5-2

Table 15.3¢  Global production rates (10'Z g/yr} of individual sources for atmospheric CH, {After Seiler and Conrad, 1985)

1950 1960 1970 1975
Sources
Ruminants 49 - 69 56 - 81 65 - 92 7299
Paddy ficlds 43 - 106 56 - 135 65 — 158 69 - 167
Swamps 11 - 57 11 - 57 11 - 57 11 - 57
Other biogenic sources 8-20 8§-21 9-22 9-22
Biomass burning 41-74 47 - 84 51-91 53-97
Leakage of natural gas 3-4 7-10 14-20 19-29
Coal mining 20 24 28 30
Other nonbiogenic sources 1 1 1 1-2
Total production 176 — 351 210 - 413 244 — 469 264 - 503
Sinks
Reaction with OH 210 230 270 290
Flux into stratosphere 44 48 56 60
Soils 24 26 30 32
Total decomposition 278 304 356 382

Source: Lal ed, 1991
Table 5-3

Table 1. Atmospheric concentrations, increase, residence time, sources and sinks for major greenhouse gases, and their contribution to global warming.
{adapted from Bouwman, 1990} .

Residence time (yr)
Annual increase (%)
Concentration in 1985
Radiative absorption per
ppm of increase
Contribution (%) to
giobal warming

Total source

Biotic sources (%)}

Major sources
{in Gt or Tg)

Sinks (in Gtor Tg)

co,

100

0.5

345 ppmv
1

50

657.5GtC
20-30

fossil fuel (5.7),
deforestation (1-2)

atmosph. accum, {3.5)
oceans (< 1),
biosphere {7},
charcoal formation (?)

CH,

8-12

1

1.70 ppmy
3z

19

400-640 Tg CH,
70-90

paddies {60-140)
wetlands {40-160)
ruminants (65-100)
termites (10-100)
landfill sites (30-70)
aceans/lakes {15-25)

NO

100-200
0.2-0.3
300 ppbv
150

4

11-17 TgN
90-100

cultivated solls (37)
naturat solls (7)
fossil fuel ()

biomass burning (50-100)

tosail fuel (50-95)
stmosph. accum. (50}
soil oxidation (32)
atmosph. chemistry
(300-650}

Source; from Scharpenseel ed. 1990

almosph. accum, (2.8)
atmosph. chemistry
{10.5)

solls (?)

0,

0.1-0.3
20

na
2000

8

atmospheric

atmosph. accum.
atmoaph. chemistry

CFCs

65-110

3.0

0.18-0.28 ppbv
> 10000

15

manmade

atmosph. accum.
atmosph. chemis-
try




Tabelle 6{2 R i
Zeitliche Verinderungen verschicdener Merkmale im iberfluteeen Reisboden {hach Tarar u.a. 1956).:
o Mertkmal bzw., Giéfic Inkubaticasdauer {in Tagen) T
- 2 8 13T
- Tonisiertes Fe (mg/100 g) 0 20 103 114 95
Be** (O, von Fe** 4+ Fe*t?) 43 59 6 84 78
- Acrobe Bakterico {in 1000/g) 34 110 53 62 65
Anaerobe Bakterien (1000/g) 22 23 10 130 45
Sulfatrednz, Bakeetien (1000/2) 0,3 1.3 18 4.8 5
§* (mg/100 g) 02 0,2 28 125 16.2
NOyN (mgf100 &) 05 o 0 0 0
NH;-N (mg/100 g) 0.4 34 78 8,8 2.6
Gaszusammensetzung (ml/25 g)
0, 0,80 D 0 [} 0
Ny : 2,17 2,00 2,29 4,50 3,37
CH, 0 0 3,67 1240 15,07
Hy 0 0,01 053 2,96 3,30
CO, . 20,9 430 564 56,6 50.3
|
Source: Pagel 1981
TABLE 25.2 Produc!ipn of hydrocarbons during first week of waterlogging soils, Tabie 5'5
Production in p g/kg soil
. Y Organic . -
Soif /"mfm CH, CH, C,H, CH, CyH,
Sand 14 03 06 01 01 7
Sandy loam 3% ¥1 55 . 05 10 16
Gault clay 50 12:5 T6 06 (R} 16
Loam from basalt 98 i79 133 05 12 17

Source: Russel 1973

- TABLE 25.3 The redox potentials associated with the production of different Table 5-6
o reduced substances in waterlogged soils
! E, (at pH 7} in volts
2 ; Chemical transformation
From To
Disappearance of molecular oxygen (14 03
Disappearance of nitrates 06 05
Formation of Mn?* 6 4
Formation of Fe2* 05 03
o Formation of sulphide 00 019
o Formation of hydrogen gas w15 —-022
o Formation of methane ~-015 —0i9
Russel 1973
| !




Health Aspects of Irrigation Development Table 8-1

Table 8.2 Environmental classification of water-reiated infections

Category

Pathogenic
Infection agent

1. Faecal-oral

(water-borne or
water-washed)

Water-washed:
{a) skin and eye
infections

{b) other

. Water-based:

Diarrhoeas and dysenteries
amoebic dysentery
balantidiasis
Campylobacter enteritis
cholera
E. coli diarrhoea
giardiasis
rotavirus diarrhoea
salmoneilosis
shigellosis (bacillary
dysentery)
yersiniosis

Enteric fevers
typhoid
paratyphoid

Poliomyelitis

Hepatitis A

Leptospirosis

Ascariasis

Trichuriasis

Infectious skin diseases
Infectious eye diseases
Louse-borne typhus
Louse-borne relapsing fever

YWREE TILY4awT T To<vwomed

Fig. .24 Major

(a) penetrating  Schistosomiasis H
skin
(b} ingested Guinea worm H
Clonorchiasis H
Diphyilobothriasis H
Fasciclopsiasis H
Paragonimiasis H
Others H
. Water-related
insect vector
(a) biting near Sleeping sickness P
water
(b) breeding in  Filariasis H
water Malaria P
River blindness H
Mosquito-borne viruses ]
yellow fever \'
dengue \4
others \4
= bacterium R = rickettsta
= helminth § = spirochaete
= protozoon V = virus
= miscellancous
Source: Hillman in Rydzewski ed. 1987
Table 8-2
Agent {Pollutant Health Effect
zcteria 1 .
Pathogens----4 Viruses me] mmmesmmeee —————— Infection, Disease
Protoroa
Helminths .
....... wmmmane=---Hypersensitivity
—Urganics A (P P, Acute Toxicity
........ ~--Mytagenesis and
Trace Elements Carcinogenesis
Toxic ] ememng e .---Teratogenesis
Substances--
Nitrates cmeemmmre—ememe- Other Chronic Effects
{cardiovascular,
{mmunological,
Sodium hematological,

neuralogical, etc.)

health effect of pollutants (Kowal 1983)

Source: Feigin et al. 1991




Table 4.1 Environmental classification of excreted infections

Category and

Environmental

Major control

epidemiclogical features Infection transmission focus measure
I, Non-latent; low Amoebiasis Personal Domestic water supply
infective dose Balantidiasis Domestic Health education
Enterobiasis improved housing
Enteroviral infections Provision of toilets
Giardlasis
Hymenolepiasis
Hepatitis A
Rotavirus infection
5. Non-fatent; medium or Campylobacter infection Personal Domestic water supply
high infective dose; Cholera Domestic Health education
moderately persistent; Pathogenic Escherichia Water Improved housing
able to multiply coli infection Crop Provision of toilets
Salmonellosis Treatment of excreta
Shigellosis before discharge
Typhoid or reuse
Yersiniosis
Il Latent and persistent; Ascariasis Yard Provision of toilets
no intermediate host Hookworm infection Field Treatment of excreta
Strongyloidiasis Crop before land
Trichuriasis application
‘ reatment of excreta
intermediate host Fodder before land
application
V. Latent and persistent; Clonorchiasis Water :°ollm.1g. meal:.lnspecnon
aquatic intermediate Diphytlobothriasis Trovumn of toilets
hosts(s) Fascioliasis reatment of excreta

Fasciolopsiasis
Gastrodiscoidlasis
Heterophyiasis
Metagonimiasis
Opisthorchiasis
Paragonimiasis
Schistosomiasis

before discharge

Control of animal
reservoirs

Control of intermediate
hosts

Cooking of water plants
and fish

Reducing water contact

Source: Feachem et al, (1983).

Source: Mara/Cairncross 1989




TABLE 2-13

Basic epideniological features of excreted pathog by envir al .c..u'tg.gnry

Hedian A ;]
. . Multiplication infective : --g:.j'“. :
xeroete outside human dose Signifi : w0 PRI
H b ¢ gnificant nonhusan " Tat
Pathogen load~ Lntem:yJ Persiatence! host (IDgg) fnmuntty? reservolisr? .;:::"t'
CATEGORY 1
Bnteroviruuny 107 1] 3 montha No L Yes Ho "
Repatitie A 'virus 108 (1) 0 T Ho L1 Yen Ho ,.:“
Rotavirus 10% {7} 0 ? Ho L1} Yes Ro(1) lln::
pelantidiunm coll T 5 1] ? Ho L) Ho(t) Tes Nooe
Entamoeba histolytica 10 ‘0 25 days Ho L No(?
Glardia lsoblia . 10% 0 25 daya No L No:'r; ::. ::::
Enterchive varmicularias Hot 0 7 days No L No . No Hone
uBualily .
found
in feces
Rymenoleple oana ? 0 I month Ko L Yen(?) Ho(?1) None
CATEGORY I1
Campylobacter fatua
sap. Jejuni 107 0 7 days Yost! - (T8 3] H Yeo Hona
Pathogenic
Escherichia colif/ 108 0 J wonths Yeo H Yeo(?) Ho(?) Rone
Salmonslla
5. typht 108 [4] 2 monthe 'leli’ H Yeo No Rona - !
Other salmonellaa ll:lg 0 3 months Yool H Ho Tes Hona i
phigells spp. 107 [} 1 month Yeut N No No Hona
Yibrio choleras 10 4] 1 month(?) Tes H Yes({?) No Hone
Yerainias enterocolitica 10} 0 3 monthe(?) tea H{1) Ro Tes Hoae
CATEGORY 111
Ascaris lupbricolden 10“ 10 daya 1 year No L Ro Ho Nona
Tostroral] 10? 7 daye 3 monthe Ho L Ho No Mone
Strongyloiden stercoralis 10 3 daye 3 weeks Yea L Yes No Hone
{free-living
stage much
. N longar}
Trichuris trichiura 10 20 days 9 mantha Ho L No No None
ta and
10* 2 monthe 9 months Ro L Ho - He [
(T.saginata)
or pig
{Y.n0lium)
CATEGORY ¥ .
lonorchis sipanssall 102 6 wgaks Lifa of fish Yeol/ L No Yas Suat) and
s fish
'Dl.ghilifboththm ' 10 2 months Life of fish Ho L Ho Yan Copopod and
dat fioh
: Faselola htgatiu‘-‘-’ T 2 months 4 eonthe Tool/ L Ho Yao Snail and
squatic
lant
Pasctolopste Dusks?/ 103 2 months 1 . Tasd/ L Ho Tes shail and
aquatic
3 . lant
1 1 sonthe(?) ? Tasd! L flo Tae S6ati and
squatie
: : lant
Hatevophyes haterophyel/ 1 6 wesks  + Lifa of fieh Yeol/ L Ho Tee spatl and
: " . fish
Hetagoniwuo :okogwd.y ] 8 waaka(?) Life of fioh Youd/ L No Yas Soall and
. . fish
_Ili_ii t 4 vonths Lita of crab Youl/ L Ho Yas Saall and
nsnnnl.-[ crab or
croyfish
Schistosoms &4 par 5 wosks 1 daye Yaal/ L Yea Ho Snall
‘B.hassatoblunt/ milliliter
of urioe
; g_-jgm:‘i?‘w 40 7 vasks 2 days Tand/ . L Tas Tas Snadl
3. mavsond” 40 4 vesks 1 days Yaud/ L t flo Soall
‘laptospira lpp.y' urira(?} 0 7 days Ho L Yan(?) Yas Hons
. 1
L Lew (€207); M medium (v 10%); ¥ high 2106). ;
Uncartain.
s» Typicsl svarage number of orgsnisas par gram of faces {ancept for Schimtosoms hasastobium and Laptoepirs, vhich oceur ina urios}.
b. Typical minimum time froa axcretion to lofectivity.

¢. Ratimatad msxleus 1ifa of infactive stage at 207-30° C,
:ds  Includes polio=~, acho—, and comsachiavirusea,
@« Woltiplicstion tskes placa pradosinantly on fooed.
f. 1ncludes enterctoxigenic, sntaroinvasive, acd enterophathogenic B, cold,
-8 Ancylostoms duodsnalé end Hecator smaricenys.
. hs  Latency 1s ainiswm time from excretion by man to potential reinfection of man, Persistence hers refars to miximun survivel tiee of final infactive
3 stege. Life cycla involves one intersediste hoat.
" 14 Latency sud parsistence as for Tasnia. Lifa cycle fovolves two intermadiate hoats.
§. Multipliestion takes plsce in intermediate smail host.
k. For the reasons given in Chapter 1, Leptospira spp. do not fit any of tha categories dafined im Table 2-2.

Source: gﬁval et al, 1986




TABELE 2-4

Belwinthic pathogens axcreted in feces

Table 8-5 a

Helminth Comman name Niseane Tranamissfon Distribution
Ancyloatoma Hookworn Hookworm Han «> goil ~> man Hainly in wara wet
ducdenals climates
Ancaria Reundwora Ascariaaia Han ~» aoil «> man Worldwide
lumhricotdes
Clenorchis Chinese liver fluke Clonorchiasis Han or animal -> Southeant Anla
sinersin aquatic anail -»
— Eigh <> man
Biphyl)ebo- Flah tapeworm Biphyllobe— Han or animal ~» Widely distributed,
thrium thriagia copepod - fish -» mainly in
Tatum aan temperate reglons
Esterablus Fimiorn Enterobiasis Han ~> man Worldwide
veraicylaris
Fasciols Sheap liver Fluke Fascloliasie Sheep -> aquatic Worldwide in sheep=
epatica anail -» aguatic and cstrle-cvaising
vagatation —> man areas
Fasciolopsia Gisat intestinal Fapciolopsianfis HMan or pig -> Southeast Asla,
huski £luke aquatic Anaill =» rafnly China
aquatie vegetation
= man
fiastrodis~ L Gaatrodia- Plg ~> squatie India, 3angladesh,
colden coldiantn anall -» aquatic Vietnam, Philippines
hominis vegetation -> man
Haterophyes n.a. Heterophylanis Dog or car ~» kKiddle East,
Eetarogﬁzel . brackish water scuthern Europe,
snail => brackish- Asla
water fish -> man
B .
Hymenolepis Dwarf capeworm Hymenolepianin Han ot todent =} Worlidwide
napa man
Hetagonimus n.a. Hetagoniniasie Dog or cat -=) Eaat Asia, Siberia
yokogawad aquatic anatl -)» (USSRY
. freshuacer fish =>
mzn
Hecator Hookwora Hookworm Han => soil => man Hainly fn warm wet
americama clinates
Opisthorchis Cat liver fluke Oplsthorchiasts Cat or man ~> USSR, Thailand
falineus aquacie anail =»
fish => man
D wiverrind n.a,
Faragonimug Lung fluke Paragonimiasis Fig, man, dog, cat, Southeast Asia,
westeraani or nther animal -> scattered foel fn
aquatic anail -> crab  Africe and South
- or crayfish -> man Ameclcy .
Sehistosoma Schistosong Schistosoniasie; Man -> aguatic snail -» Africa, Middie East,
hacaatobimm bllharziasis man India
5. Japonleun Aninals and was -> Southeast Asia
snail => man
5. mansoni Man -> aquatic snail -=> Africa, Middle Fast,
L1 Contral and South
America
Strongyloides Threadwors Strongyloidiasis Man => man Hainly in ware wet
stercoralis elinstes
Taenia Beef tapeworm Taeniasis ¥an => cow -> aun Worlduide
saginata
T, 2olium Pork tepevorn Tasniasis Han => pig {or man} => Worldwide
aan
Irichuris Whipwora Trichuriaais Han -» sail ~> man Worldwide
trichiura
n.x, Wot applicahle.
Viral pathogens excreted in fecea
Table 8-5b
Can
symptomless
infectciona
Virus Disease occur? Reservoir
Adencviruses Numerous conditions Yea Man
Entercviruses
Polioviruses Poliomyelitia, paralysis,
and other condicions Yes Man
Echovirusea Numerous conditions Yes Han
Coxsackieviruses Numercus conditions Yes Man
Hepatitia A virus Infecticus hepatitia Yes Man
Reoviruses Kumerous conditions Yes Man and
animals
Rotaviruses, Norwalk agent,
and other viruses Didrrhen Yea Probably
man

Source: Shuval et al. 1986



Bacterial pathogens excreted in faces

Can
symptomlaess
. infection
Bacterium Disease occur? Reservoir
Campylobacter fetus assp. jei;ni Diarrhea Yes Anig,ls & man
Pathogenic Escherichia coli=! Diarrhea . Yes Man2
Saimonella
8. typhi Typhoid Fevar Yes Man
$. paratyphi Paratyphoid fever Yes Man
COther salmonellae Food poisoning and
other salmonelloses Yes Animals & man
Shigella spp. Bacillary dysentery Yes Man
Vibrio
V. cholerae Cholera Yes Man
Other vibrios Diacrhea Yes Man
Yerginis enterocolitica Diarrhea and
septicemia Yea Animals & manEl

a. Includes enterotoxigenic, enteroinvasive, and enteropathogenic E. coli.

b. Although many animals are infected by pathogeniec E. coli, each serotype is
more or leps specific to a particular animal host,

c. Of the thirty or more serotypes identified so far, a number seem to be
associated vith particular animal species, There is at present insufEicient
epidemiological and serological evidence to determine whether distince
serotypes are spacific to primates.

TABLE 2-3

Protozoal pathogens excreted in feces

Can
symptomlesg
infection
Protozoon Dissate gceur? Reservoir
Balencidium Diarrhaa, dysentery, and Yea Man & animals
coll colonic ulceration {especiatly
X . R pigas and rats)
Entamoeba Colonic ulceration, amoebic
histolyrieca dysentery, and liver abacess Yen Man
Giardia Diarrhes and malabsorption Yen Man and aAnimals
Lanblia

Source: Feachem et al. (1981).

Sources: Shuval et al. 1986

Table 2.11 Water-borne pathogens and their effect on health (Cowan and Johnson 1984)

Group Genus Effects on human health
Bacteria Salmonella Typhoid fever, paratyphoid fever, enteritis,
: salmonellosis, food poisoning
Shigella Dysentery
Escherichia Enteritis (pathogenic strains)
Vibrio Cholera, enteritis, food poisoning
Clostridium Gas gangrene, tetanus, botulism, food poisoning
Leptospira Leptospirosis
M ycobacterium Tuberculosis, skin granuloma
Viruses Poliovirus Fever, poliomyelitis, enteritis

Coxsackievirus A
Coxsackievirus B
Echovirus
Adenovirus

Reovirus

Hepatitis A virus

Protozoa Entamoeba
Giardia

Helminths Schistosoma

Trematodes

Cestodes Taenia

Nematodes Ascaris
Anchylostomum
Heterodera

Headache, muscular pain

Nausea, meningitis

Diarrhoea, hepatitis :

Fever, respiratory infection, enteritis, inflammation of
the eyes {conjunctivitis), involvement of central
nervous system

Common cold, respiratory tract infections,
diarrhoea, hepatitis

Infectious hepatitis {fever, nausea, jaundice)

Amoebic dysentery

Giardiasis

Schistosomiasis (Bilharzia)

Tapeworm infestation in man, in cattle eating eggs
(T. saginata or T. solium, respectively), eggs develop
into the Cysticerus stage

Roundworn infestation

Hook worm infestation

Potato cyst eelworm

Source: Feigin et al. 1991

Table 8-5 ¢

Table 8-5 d

Table 8-6




Safe use of wastewater and excreca

Table 8-7
Figure 4.1 Pathogen-host properties influencing the sequence of
events between the presence of a pathogen in excreta or
wastewater and measurable human disease attribut-
able to excreta or wastewater use
EXCRETED LOAD
» latency
+ multiplication
« persistence
« treatment survival
9
INFECTIVE DOSE APPLIED TO LAND/WATER
+ persistence
» intermediate host
» type of use practice
» type of human exposure
L
INFECTIVE DOSE REACHES HUMAN HOST
+ human behaviour
+ pattern of human immunity
RISKS OF INFECTION AND DISEASE
» alternative routes of transmission
]
PUBLIC HEALTH IMPORTANCE OF EXCRETA AND
WASTEWATER USE
From Blum & Feachem (1985), reproduced by permission of the International Reference Centre for Waste
Dispotal,
Source: Mara/Caircross 1989
TABLE 2-14 Table 8-8

Epidemiological characteristies of enteric pathogens vis-i-vis
their effectiveness in causing infections through wastewater irrigation

Persistence Minimum Concurrent Latency soil
in infective routes of development
Pathogen environment dose Immunity infection stage
Viruses Medium Low Long Mainly home No

contact and
food and water

Bacteria Short/medium MWedium/high Short/medium Mainly home No
contact and
food and water

Protozoa Short Low/medium MNone/little Mainly home No
) contact and
food and water

Helminths Long Low None/little Mainly soil - Yes
contact outside
home and food

Source: Shuval et al. 1986
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Table 8.1 Examples of increased prevalence of schistosomiasis
resulting from water resource development projects

Project Preproject Postproject Schistosome
(year prevalence prevalence species
Country  completed) (%) (%)
Egypt® Aswan dam 6 60 (3yr  S. haematobium,
(first) (1906) later) S. mansoni
‘Sudan® Gezira scheme 0 3060 (15 S. haematobium,
(1925) yr later)  S. mansoni
Tanzania® Arusha Chini low 53-86 (30 S. mansoni
(1937) yr later) '
Zambia Lake Kariba 0 16 adults, S. haematobzf.tm,
and (1958) and 69 S. mansoni
Rhodesia? children
(10 yr
later)
Ghanad Volta Lake low 90 (2yr 8. haematobium
(1966) later) ]
Nigeria®  Lake Kainji low 31 (yr S haematobium
(1969) later)
45 2 yr
later)
Iran® Dez piiot 15 27 (2yr S haematobium
irngation later)
project
(1965)

Source: Hillman in Rydzewski ed. 1987

Table 2.1 Type of vector infection, diseases, and disease organism

Type of vecior infection Disease Disease organism

Mosquito-bomne Malaria Protozoon
Filariasis Nematode
Yellow fever Viruses
Dengue {arbo viruses =
Encephalitis arthropod-borne
Other arbo-viral infections viruses)

Snail-bome Schistosomiasis " Trematode
(bilharzia)
Clonorchiasis Trematode
Opisthorchiasis Trematode
Paragoniamiasis Trematode
Fascioliasis Trematiode
Fasciolopsiasis Trematode

Fiy-borne African trypanosomiasis Protozoon
(sleeping sickness)
Onchocerciasis Nematode
{river blindness)
Leishmaniasis Protozoon
(kala azar, oriental sore)
Loiasis Nematode
(various types)

Miscellaneous

Water flea Dracontiasis Nematode
(guinea worm)

Bug American trypanosomiasis Protozoon
(Chagas’ disease)

Louse/tick Plague, louse-borne fevers, Bacteria,
and other fevers spirochete,
(tick-borne, mite-borne) ricketisiae

Source: Qomen et al. 1990

Table 8-9

Table 8-10




- Table 8-11

human health
Dlagnosis
Traatment

Economic
Importance

Vactor cantrol

Prevention

weak and may have seriously diseased Tiver or
bladder,

Eggs are found In stool (mansoni and Jjaponi-
ctm) and urine (haemalobiin).

Effective curative drugs are available,

An estimated 200 million people are infected
but heavy infection is patchy. However, both the
distributlon and the number of heavy infections
are inereasing.

Removal of snail habitats or killing gnails with
chemicals,

Provision of safe water sources and proper sani-
tation, reduced contaminatlon of water with
human faeces and urine, changes in humen be-
haviour. . .

human health

Diagnosla
Treatment

Economic
Importance

Veetor controt

Prevention

=
. Fact sheet for Schistosomiasis Fact sheet for Malaria
Common name Bilharzia Typs of caLrlsal Blood pratozoon, genus Plasmodium
. organfsm
Type of causal Blood fluke, genus Schistosoma. 9
organiam 1mpoﬂ7m Plasmodium faiciparum, vivar, ovale and mala-
{mportant Schi h tobh j and faponi- specles rige.
specles cum Vector Mosquitoes of the geaus Anopheles. There are
Vector Anuatic snails mainly of the genera Bulinus, one or two important species in each region,
Biomphalaria and Oncomelania, respectively . Transrission By the bite of mosquitoes which previously fed
Transmlssion Human contact with weter contelning infective on infected humans,
stages which are shed from infected snails. Con- Environment ‘Within 1.2kms of suitablc breeding sites which
tact often accurs while bathing. inctude a wide variety of relatively clean water,
Environment Fresh water associated with ircigation schemes, dFPEt“d‘“S an species. The mosquito bites at
reservoirs and water holes. night,
Eftact on Heavily infected individuals feel unwell and Effect an Fever and wealkmness are common. F. faleiparsm

infection can lead 1o death if untreated. Partial
imnunity after long exposure,

Examination of blood films,

Effective prophylactic and curative drugs are
available but there is increasing drug resistance.

Many hundreds of millions of people are in-
fected or expased but partial immunity Is wide-
tpread. Can serfously undermine development
projects, especially when non-immune setilers
are involved.

Source reduction; residual house spraying; envi-
ronmenta! management.

Prophylaxis; personal protection using bedners
and repellents; vector ¢contral.

Common name

Type of cauaal
organism

Impaortant
specles

Vectar

Transmiselon

Environment

EHect on
human health

Diagnosis
Treatment
Economle
Imporiance
vector control

Prevention

Fact sheet for Onchocerclasis

River blindness
Filarial worm

Onchocerca vohvdus

Blackflles of the genus Simurdiien. Imporiant
specles includ bers of the Simuium dam-
Aosum compler.

By the bite of blackilics which previously fed on
infected humans, They bite during the day.

Within abous, 10kms of rivers and streams where
the Bles breed In elean, well aerated, fast flowing
water.

Intense itching, skin changes and swelling with
blindness in the later stages.

Examination of skinsnips.. ... -veeace

Oral administration of 8 newly develaped drug
celied Ivermectin.

Fear of blindness causes people to leave the
river valleys, Severe disability due to biindness.

Acrinl spraying of breeding sites. Design of spill-

ways and canals to reducs breeding.
Repellents; vecior control.

Common name

Type of causal
organism

Vector

Tranamlaaton
Environment

Effact on
human heaith

Dlagnoals
Treatmant

Economie
Importance

Vector controf

Provention

Common nama

Type of causal
organism

Vector
Transmisslon

Environment

Effoct on
_ human heaith

Dlagnosis
Treatment
Economic

importance

Vector control

Prevention

Fact sheet for Japanese Encephalitis

IE,
Virus

Maosquitoes in the genus Culerx,

Bite of mosquito. Animal reserveir in pigs and
birds such a5 herons and egrets.

RiceBelds, Night biting mosquitoes.

Serious mental disturbances leading to brain
damage and death. In epidemics children aze the
main victims.

Difficult and specialised.

Supporiive only.

Only a small percentage of infected people de-
velop symptoms. Epidemics could severely dis-
rupt irrigation projects.

Ricefield breeding mosquitaes are difficar to
control,

Avoid pig rearing near irrigation schemes; envi-
ronmental management.

Fact sheet for Dengue and Dengue
Haemorrhagic Fever

Dengue and Dengue Hat¢morrhagic Fever
{DHF)

Vinus

Mosquitoes of the genus dedes. A common
species is Aedes asgypti,

Human contact with day biting mosquiroes.
Urban areas, houses and gardens.

Often affects children, DF is relatively mitd but
DHF iz a serious complication requiring hospi-
tallzation and frequently results in death.
Difficult and specialised,

Supportive only.

Increasing numbers of epidemics in many tropi-
cal and sub-tropical areas, Great pubiic concern,
Dgsu-ucu'on or emptying artificial containers
twice per week, Insecticidal fogging can be used
to balt an epidemic,

Vector control.

Fact sheet for African Trypanosomiasis

Cammon name

Type of causal
arganiam

important
specles

Vector
Transmisslon
Environmant

Eftact on
human health
Dlagnosis

Treatment

Economic
importance

Veoctor control

Prevention

Gambian and Rhodesian Sleeping Sickness
Protozoon of the genus Thpanasoma.

Thypanosoma gambierite and thodesiense

Tsetse fies, genus Glassing.
There is an anlmal reservoir jn some regions.

Savannah woodiand and riverain vegetation of
Sub-saharan Africa, The fly bites during the day.

Mental disturbances, brain damage and death.

Detection of parasite in blood film or other parts
of the body.
Supervised administration of drugs with toxic
side-effects,

A similar disease is a major constraint on caitle
production, The human disease is nsually spo-
radic but devastating cpidemics continue to
oecur.

Environmental management; insecticide
spraying; trapping.

Prophylaxis; active case finding where no animal
reservoir; reduced fly contact,




Guldelines for Forecasting Vector-Borna Disease

‘Fact sheet for Yellow Fever

Type of causal Virus
organism
Vector Mosquitoof the genus Aedes. A common species

is Aedes aegypti. .

By the bite of mosquitoes which previously fed
on infected humans or monkeys.

Either forests inhabited by monkeys of urb.an
arens where the mosquito breeding site is artifi-
cial comtainers. The mosquito bites by day.

Transmisslon

Environment

Eflect on Many infections may not produce symptoms but
human health others are very serious.
Diagnosls Ditficult and specialised.
Treatment Supportive only.
Economic Occasional epidemics with widespread sickness
importance and death. .
Vector control In urban areas artificial containers should be
destroyed or emptied twice per week. Insectici-
dsl fogging can be used to halt an epidemic.
Prevention By vector control and vaccination of the human

population.

Guldetines for Foracasting Vector-Boma Diseasa

act sheet for Visceral Leishmaniasis
Common name Kala Azar

Type of causal Protozoon of the genus Leishmania,

Vector control

Prevention

organism
important Leishmania donovani
specles
Vactor Sandflies, genus Phlebotomus in the Old World
and genus Lutzomyia in the new world,
Transmission Bite of sandfly. Animal reservoir in rodents and
canines as well as people,
Environment In and around houses in India, more rural araas
elsewhere,
Effect on Enlargement of liver and spleen, Can cause
human heaith death if untreated.
Dlagnosis Detection of parasites in organ samples, Detec-
_ tion of antibodles, =~ T
Treatment Supervised administration of drugs with toxic
side-effects,
Economic Epidemics have occurred in India but elsewhere
Importance cases arc sporadie,

Residual house spraying witb insecticides where
transmission is domestic.

Destruction of canine resarvoirs; vector control;
repellents; resiting villages.

Appendht C - The Fact Sheets

Table 8-11 cont.

G5

Gommon name

Type of causal
organism

Important
specles

Vactor

Transmisslon

Environment

Eflact on
human health

Diagnosis
Treatment

Economic
Importance

Vactor control

Prevention

Fact sheet for Lymphatic Eilariasis

Elephantiasis, Bancroftian filariasis, Brugian
filariasis.

Filarial worms
Wiuchereria bancrofti, Brugia malayi.

Mosquitoes of the genera Anopheles, Aedes,
Culex and Mansonia. In urban areas the vector
isusually Cufex quinguefasciatus which breeds in
water polluted with sewage.

By the bite of mosquitoes which previously fed
on infected humans or, in one very restricted
area, on wild animals.

Mainly urban, Mainly night biting.

Repeating fever. Legs and sometimes genitals
become very swollen and infected in later stages.
Detection of the worm larvae in a blood film.

Ora} administration of a cheap and effective
drug known commonly as DEC,

Many millions of people are infected but are not
sick while others suffer repeated fever. People
with swollen limbs suffer much distress and have
difficulty moving about.

Source reduction by drainage and larviciding in
urban areas; residual house spraying.

By vector control or contact prevention.

Appendix C - The Fact Shests

Fact sheet for Cutaneous Leishmaniasis

GCommon names

Type of causa?
organism

Important
specles

Vector

Transmisslon

Oriental sore, Espundia, Chiclero’s ulcer
Protozoon of the genus Leishmania.

Leishmania tropica, major, braziliensis

Sandflies, genus Phiebotornus in the Old World
and genus Lutzoryia in the new world

Environment

Effect on
human health

Dlagnosls

Treatment

Economic
importance

Vector controt
Pravention

Bite of sandfly. Many reservoir animals, espe-
cially colonial rodents,

Semi-arid regions where irrigation is likely; S.
American forests,

Open sore, self-healing in some regions, more
serious in others.

Microscopic examination of stained material ex-
tracted from the ulcer.

Sclf—helaling forms require no special treatment.
Supervised administration of drugs with toxic
side-effects.

Serious outbreaks reported on water develop-
ment prajects in some semi-arid regions.

Residual house spraying.

Destruction of animal reservoirs; vaccination.

Source: Birley 1992




Table 8-12

Table 2-1
A broad indication of ihe vector-borne diseases naturally transmitted in
each zoogeographical region.

Table 8-13

Table 2-2
A broad indication of the distribution of disease between regions.

Mexico, Central and South America

Widespread dengue and yellow fever, some bancroftian fila-
riasis, some onchocerciasis, widespread cutaneous and re-
stricted visceral leishmaniasis, widespread schistosomiasis
(mansoni), widespread Chagas disease, widespread malaria.

North Africa and Asia excluding India and S.E. Asia

Widespread dengue, guinea worm, some bancroftian filariasis,
widespread cutaneous and restricted visceral leishmaniasis, re-
stricted schistosomiasis, malaria. .

India, S.E. Asia, the Indonesian and Philippine
archipelago and Indian Ocean

Widespread dengue, guinea worm, widespread bancroftian and
brugian filariasis, -some- cutaneous.and. more .¥jsceral leish-
maniasis, restricted schistosomiasis (jeponicum), widespread
malaria, Japanese encephalitis.

New Guinea, Solomons, Vanuatu and other islands of the
Western Pacific

Restricted dengue, widespread bancroftian filariasis, restricted
schistosomiasis (japoniciim), widespread malaria,

Africa South of the Sahara, Madagascar and S.W. Arabia.
Widespread dengue and yellow fever, bancroftian filariasis,
loiasis, widespread onchocerciasis, restricted cutaneous and
visceral leishmaniasis, widespread schistosomiasis, sleeping
sickness, widespread malaria, guinea worm,

4
[V

Japanese encephalitis is associated with rice growing and pig
keeping in Asia, sometimes becoming more severe away from
the equator,

Yellow fever is found in West Africa and South America, but not
in Asia (although the vector is present).

Malaria is widespread in the tropics and sub-tropics, restricted
by altitude.

Sleeping sickness is restricted to Africa, between the Sahara and
the Zambezi river basin,

American trypanosomiasis, or Chagas disease, is restricted to
Mexico, Central and South America. It is not specifically associ-
ated with water,

Bancroftian and brugian filariasis are associated with the
humid tropics or coastal areas.

Onchocerciasis is restricted to West Africa, South and Central
America and a few foci in Bast and Central Africa,

Dengue fever is spreading throughout the tropics and sub-tro-
pics.

Dengue haemorrhagic fever is currently reported mainly from
India, S.E. Asia, Philippines, the Caribbean and the Indian
Ocean.

Schistosomiasis due to S. mansoni and S. haematobium is asso-
ciated with the savannahs and semi-arid regions of Africa and
the Middle-East and South America.

Schistosomiasis due to 8. japonicum is restricted to South East
Asia, China and the Philippines.

Other forms of schistosomiasis with very restricted distribution
include intercalatum in Africa and malayiensisimekongi in South
East Asia.

Table 2-7

Source: Birley 1992

Distribution of mosquito-borne diseases.

Mosquito Disease

Distribution Table 8-14

Malaria

Throughout tropics

and sub-tropics

Subfamily: Anopheline

Genus: Anopheles Bancroftian filariasis

Asia and Africa

Brugian filariasis

Asia

O’nyong nyong virus

Africa

Bancroftian filariasis

Throughout tropics

Subfamily: Culicine

Genus: Culex Encephalitis virus

Asia, Americas,
Europe, Africa

Subfamily: Culicine Bruglan filariasis

Asia

Genus: Mansonia Other arboviruses

Africa, Americas

Yellow fever virus

Africa, Americas

Subfamily: Culicine
Genus: Aedes

Dengue virus

Asia, Americas, Africa

Dengue Haemorragic

Asia , Americas

Other arboviruses

Asia, Americas, Africa

Bancroftian filariasis

Pacific

Source: Birly 1992
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Table 1. Some estimates of crop losses due to pests of cultivated crops in Table 9-1
selected African countries
Country Crop % Crop losses caused by
Insects Diseases Birds  Weeds
Ethiopia CoHae - 20-25 - -
Sasamea - 100 - .
Sorghum - - - a5
Gambia Millst - 20-30 - -
Ghana Rice 25 5-50 9-25 20-80
Cassava 10-90 50-100 - -
Groundnuts 12.50 5-25 - -
Kenya Cashew - a0 - .
Caraals - - 12 -
Mozambique Rice 50 - - -
Migeria Cocoa 15-25 3090 - -
Coliea 30-80 - - -
Grain lagumas 10-55 - - -
Cation - 20-50 - -
Cereals 1525 10-20 - -
Sierra Leone Swamp rice 10-20 380 - -
Irrigated rice 3050 - - -
Groundnuts . 10 - -
Cowpea 30 - - -
Sudan Rica . - - 69
Millet 20-20 - - -
Tanzania Maiza 3-27 5-30 - -
Sorghum 4 . - .
Wheat - - 30-t00 -
All grain - - 50-100
Table 2. Estimates of crop losses of stored products in some African Table 9-2
countries, 1970
Country Crop % Loss
Burkina Faso Legumes 50-100
Cameroon Legumas 10
Carvals 10-20
Egypt Rics 5
Ghana Legumes 912
Careals 10-15
‘Yams 15-40
Nigeria Legumes Jo-40
Maize 20-30
Rice 5
Yams 20-67
Siarra Leone Rice 5-10
Legumes 8
Tanzania Legumes 5
Uganda Legumes 20-3u
Careals 15-20
Source: Youdeowei in Yaninek/Herren (IiTA) 1989 :




AGRICULTURE Checklist 1-

RESETTLEMENT

KEY BIO-PHYSICAL FACTORS FOR AGRICULTURAL

Quality of Information:

Available, Current

Reliable

1.Physical Factors

Bio-climatic regime:

s Rainfall- total, seasonality and range of
+  variation in annual ratnfall

*  Temperature and thermal regime

¢ Length of growing peariod

»  Wind strength '

s  Evapotranspiration;

Hydrographic setting - the location of the project in
relation to the characteristics of the surrounding
watershed management unit;

Water resources

Surface water-total availability, seasonal varlability and
quality

Ground water-total availability, aquifer recharge rates,
quality, potential pollution from agricultural wastes

Upstream /downstream externalities -forest clearance,
flood plain, industry, urban centres

Drainage and use of drainage water

Soils

Taxonomic classification

Chemistry and fertility

Physical structure

Texture

Impediments to mechanization - recks, slopes, internal
drainage and susceptibility to erosion

Landforms

Physiography - slopes

Drainage - network, internal, water table,Groundwater
recharge

Active floadplain - definition, frequency

2 Binlegical Pactors

Ecological Zone

Areas of major biological significance;
Biogeographic context

Ecosystem stability and resilience,

Sultability for agriculture

Pests and diseases of crops and animals

Land cover: including vegetation and land use;
Protected Areas:

Existing national parks or equivalent reserves
Size, legal status, administration

Proximity to and representativeness of project area
Candidate areas requiring protection status:
Critical habitats - bioka, watersheds

Riparian protection.

3 Natural Hazards and the risk_of man-induced hazards:

Soil evoston, landstides, earthquakes, volcanism,

potential human disease vectors, fire ‘hazards,

yes no yes no

yes no

Source: Burbridge {FAQ) 1988
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Table 10-2
SPECIAL SESSION - R.9 122

-

Table 1. Costs and efficiencies of different types of modern irrigation system
(Couts et efficacités pour différents systémes dirrigation moderne)

Merhod Equipment Annual Efficiency
and Type Initial Cost Life Maintenance 3
$ U8 /ha yI % of Cost
Surface (Preeisjon) :
Basin{level)} 370 - 1,085 con 1 70 - 90
- Border 70 - 1,085 con 1 70 - B85
Furrouw 150 - 750 ean 1 65 - 85
Conveyance - o
Lined 400 - 1,250 15 3 -
Piped 800 - 2,500 20 1 ---
Automation 300 10 5 ---
Sprinkle
Lateral -
Hand -MHove 450 - 675 15 2 65 - 80
End-Tow 600 - 950 10 3 65 - 75
Side-Roll 800 - 1,100 15 2 65 - 80
Side-Move 950 - 1,350 15 4 65 - 80
Hose-Fed 450 - 675 5/20 3 60 - 80
Traveling Gun 950 - 1,200 10 6 55 - 70
Center-Pivot
Standard (400 m) 1,100 15 5 70 - 85
w/Corner 1,200 15 6 65 - B85
Long (500 m) 700 15 5 65 - 85
Linear-Hoving
Ditch-Feed 1,100 - 1,300 15 6 65 - 85
Fipe-Feed 1,600 - 2,050 15 6 65 - B5
Solid-Set '
FPortable 2,700 - 3,250 15 2 65 - 75
Permanent 2,300 - 3,500 20 1 65 « 75
Localized
Orchard o
Drip/Spray 2,200 - 3,500 10/20 3 75 - %0
Bubbler 2,500 - 4,000 . 15 2 60 - 85
Hose-Pull 1,200 - 1,800 5/20 3 65 - 90
Hose-Basin 1,500 - 1,860 1/20 2 55 - 80
Row-crop
Reusabla 3,000 - 5,000 10/20 3 65 - 90
Disposable 1,850 - 3,000 1/20 20 60 - 80

Derived in a large part from the ASCE 1988 Report, "Selectien
of Irrigation Methods"

Source: Keller in ICID 1990




Okologische Answirkungen von Fluistaunngen

Wahnchein- Auswirkung Zeitliches  Maglichkeit ingi

A ; b ab 9

lichkeit des auf FluBab- Verhalten  zur Ver- fingig von Bedeutung

Eintreffens schnitt hinderung
Kiima sicher Einzy :
gs-. petmanient  kaum Fliche des Spei- An ’
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ydrologie sicher ilpe:t:her-. permanent  nur bev Staumanagement, Verfiilkung des Speichers mit
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linge, Seegrife halten des Stromes im Bercich

unlterhalb des Dammes, Flug-

Geologie/ eventuell Spei i Erhohans der Ter

‘ peicher-, y ? 8 i ] :

o ctoge Unistsirom- g:::]ﬂ; :;nd Tiefe des E’rh_c_ihl‘mg dcrdE:drbethemkli\_rit‘:il.
gebiet tektonk: ch Ver- Flubdel i un, eon.

halten "

Pedeolog S i :

(denr?lpc sicher IS-:mT:::; petmanent  begrenzt Landnu'lzing im Ein-  Einflu® au{ Sedimentationsrate
UI::; "suo.m- 1upgc'h!el und Spei-  im Speicher, Erosionsgefahe.
gebiet chergebiet, ) Schallung neuer Kulturland-

Bewisserung im schaft, Versalzung von Biden
Unterstromgebiet
Vegetation und sicher Einzu,
. rmang:

yeset Speiclf::-. permanent  begrenzt ‘nfra}suuktu.r 1:"‘1 ;fertuit nPJtuma::r lﬁkusy:tcme,

3 ! gsinde- g der Landschaft,
l:,tieer:tmm rung, Verlust genetischen Potenuals
gel Waldsaubbau

Biologische Auswirkungen von FluBstauungen

Gebist Wirkung

Anderung der Wanderunpméglichkeit flr Pllanzen und
Tiere (Lalchwanderung, Verbreitung von Samen und
Frichten etc.);

Versumpfung des Stauwurzelbereichs;
(berschwemmungen von Uferbereichen nach heftigen Re-
genfillen (bei flachen Ufern), Rickstau in 2uflihrende Ge-
whsser;

Verlinderungen im Artengsfige von Pflanten und Tieren

Elnzugsgebiet

tendenzielle ErhShung des Trophiegrades; ,Wasscrgite
und Wasserqualitit' (1); verrottende Vegetation flihrt zu
' Faulschiamm- und Fauigusbildung in Tiefenbereichen;
Entwicklung lebensfeindlicher Wasserbereiche;
Versumpfung und Verulrung Gbenchwemmiter Uferbe-
reiche;

Labiiitit des entswandensn See-kosystems in Produktivi-
tht, Artenvielfalt und Artengefiige der Plianzen und Tiere;
Massenentwicklung einzelner Arten; vor allem verstirkies
Wachstum von Algen und Wasserpflanzen

Speichergebiet

g mit

Anderung der Watser tzung, Ar
Faulgasen etc.; )
Anderung der Wasscrchemie und des Stdmunpverhaliens
bewirkt Selektionsprozes fiir Tier- und Pllanzenarten;
Verringerung ehemaliger Uberflutungen (Daver, Nihrstof-
fe, Sedimente, Ausdehnung etc.);

Erhthung des TideeinfluBbereiches und A des
Salzwassereinflusses auf Wasser und Land im Deltabereich;
Anderung der Wanderungsmbglichkeit My Tiere {vor allem
Laichwanderung.von Fischarten);

Knderung der Lebensbedingungen der aquatischen Tier-
welt (Anderung der Wasserchemie und des Submungsver-
haltens. Selektionsprozed fir Tier- und Pflanzenarten)

Unterstrombereich

dah

Auswirkungen von Flufistauungen auf die Fischfauna

Gebiet Auswirkung

Ausbleiben von wandernden Arten;

Anderung im Artengefige;

Eindringen von fremden Arten aus dem Spoichergebiet

Einzugsgebiet

;'\usblgiben von wandernden Arten;

Anderung im Artengefige durch Anderungen der Biotop-
bedingungen;

Gelinderte Artenkonkurrenz;

Eindringen/Einbringen neuer Arten und dadurch neue Ar-
tenkonkurrenz;

Eutrophierung verindert Nihrstoffangebot und fihnt zu
toxischen Bedingungen (Faulgase);

Uferform bestimmi neue Habitatsstrukturen und beein-
fubs vor allem dat Laichverhalten;

Sekundarer Einflud durch Fischerei

Speichergebiet

Gelindertes Abfluverhatten;

Fehlende Sedimente fihren zu Hubitatsverindcrungen;
Gefahr der Gasiiberskttigung (Gasblasenkrankheit);
Eintrag von toxischen Gasen und Stoffen aus verinderiem
Hypolimnion;

Anderungen von Uberflutungiflichen flhrt zu verinder-
tem Nahrungpsangsbot;

Anderung chem.-phys, Wasserkomponenten (Tribe, Tem-
~ peratur, Dichte u.a.} fihrt zur Selektvitht unter den Ar-
o ten;

Anderungen im Delta/Mindungsbercich durch eindringen-
des Meerwasser fUhrt zu Habitaténderungen

Unterstrombereich

Source: Dilger in Stiiben ed. 1987
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Fige 3.1 Environmental Aspects of Hydroprolects

Some water-related diseases can Increase uniess precautions are Implemonted (e.g. vector
control, prevention) schistosomlasls, onchocerciasls, encephalitis, malaria, etc. Remediation
usually impossible; prevention is the only cost-effective approach.

of people Is expensive and time—consuming when done acceptably. The people can (and should)
be better off afterwards. Can hydroprojects become reglonal development projects, which
integrate rural development for people, with watershed management and irrigation?
Resottlement of winerable ethnic unacculturated minorities should be avoided; |f unavoldable,
special precautions are necessary.

Extinction can be minimized by siting. Loss of wildlife can be mitigated by Including a wildland
man?gtmmt unit, equlvalent to the ted tract In the watershed. Biotic rescue can
assist.

nigrations (If any) wlil be impaired without passags facliltles. Fish promotlon In the reservoir
can ritigate and produce more than before the project.

related to whatever water quallty Is needed downstream, to fisheries, and to navigation.

Valuable timbers and fuel should be salvaged; “"opportunlty cost” of lost timber and foregone
use of inundated land should be intermalized,

proliferation can Increase disease vectors, and transplration Increases water loss and Impairs
fish and water quality (e.g. Water Hyacinth (Eichhornia), Water Lettucs (Pistla)). Clogging
Lnlpalrs navigation, recreation and irrigation. ~Some potential to use weedS Tor compost,

ogas, r.

wlthin reservolr and downstream; saline intrustlons; water retentlon time (i.e, flow/volume),
loss of Qjﬁhm; decreasa nutrlents in estuary; pofiution monitoring (agricultural leachates,
industries).

upstrean leads to sedimentation which can Impair storage; watershed management should be
routing. Increased erosivity befow dam.

useful for recession agriculture (with disease and access precautions).

Archealogical, historle, paleontologic, religlous and esthetic or natural unigue values or sites
should be conserved or salvaged.

can be optimized by tourlsm, irrigation, fisheries, recreation. Regulation Improves seasonal
rivers Into perennnial waterways; advantages for drinking ard irrigation.

may need speclal provisions such as locks, cleared shipplng lanes, and access ramps If
drawdown Is large. Lake transport may become economically advantageous,

Tectonic movements may Increase or decrease; monitoring Is becoming routine.

Hydro and other developments are better concentrated on the same rivers In order to
preserve representative rivers In thelr natural states.

Source: R. Goodland (1885).

Source: Dixon et al. 1989




Impacts on Water
Alteration of River Flows

1. reduction of floods
2. increase of minimum flows

Modification of Water Quality

1. reduction of turbidity

2. reduction of sediment transport

3. modification of the contents of dissolved gases
4. depletion of oxygen - at early stages

5. oversaturation - {low temperatures)

Poassibility of Genmeration of Induced Selsmicity

Butrophication of Water Bodles
Evaporation wersus Evapotranspiration

Reservolr Stabllity end Riverbed Erosion

Impacte on vegetation

Lose of Individuals within the Resarvolr Area
Modification of Plante Habitats
Impacts on Fauna

Ichthyofauna - Consequences of Alteratiocns of their Living Media

1. lentlc fish (still waters)
2. lotic fish (running waters)
3. migratory fish

L semiaquatic mammals
5. water mammals

6. reptiles

7. water fowl

Impacts on Human Actlvities
Displacement of Populations

Modification of Population Activities

1. extractiviast

2. agricultural

3. urban occupations

4. transportation means and facilitles

Reduction of Agriculture and Cattle Raising Lende

1. increase of irrigation possibilities
2. potential increase in fish production

Plooding of Archasological and Cultural Sites and Landmark:

Impacts on Public Health
Watarborne Diseases
Multiplication of Vectors

1. ineects
2. mollus

Source: Rangeley in: LeMoigne et al. {wB} 1289

" Table 11-2b
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Table 11-3

Selscted Environmental Effects and thelr Economic mpacts

Enwlronmental Effect

Economic mpact

Environment on Dams
1. Soll erosion - upstream,
sedimentation In reservoir

Dams on the Environmant

1. Chemicai water guality -
. changes In reservolr and
downstream

2. Reduction In siit
toad, downstream

3. Wwater temperature
changes (drop)

4. Health — water related
diseases (humans and
animals)

5. Fishery ~ Impacts on
fish Irrigation,
spawning

8. Recreation - In the
reservolr or river

7. Wildlife and
blodiversity

8. Involuntary
resettiement

9. Discharge variations,
oxcesslve diurnal

variation

10. Flood attenuation

reduced reservoir capacity;
change In capacity; change
in water quality; decrease
in power

Increased/reduced treatment
cost reduced flsh catch, loss
of production

loss of fertliizer, reduced
slitation of canals, better
water control

reductlon of crop Yields
(esp. rice)

sickness, hospltal care
care, death; decrease meat and
milk productlon -

both loss and Increase In fish
production

value of recreation opportunities
gained or lost, tourism

creation or loss of specles,
habitat and genetic resources

cost of new infrastructure,
soclal costs

disturbs flora and fauna, human
use, drownings, recassion
agriculturs

reduces after flood cultivation;
reduces flood damage.

Represantative
Bansfit (B) Valuation
Cost (C) Technlque
B,C change In production,

B,C

B,C

B,C

8,C

B,C

8,C

8,C

preventive expenditures,
replacement costs.

preventive expenditures,
changes In production.

replacement costs,
preventive expeanditures
avolded.

changes In production.

loss of earnings,
haalth care costs.

changes in production,
preventive expenditures.

travel cost approach,
property vaiue approach.

opportunity cost approach,
tourism values lost,
replacement costs.

replacement cost approach,
ugaclal costs”, relocation costs

relocation costs, changes In
production.

changes In production, flood
damages avolded.

Source: Dixon et al. 1989




Table 11-4
Major Envionmental Factors

Not all dam projects have significant adverse environmentai consequences. Whether or
not they exist, however, must be determined. One approach to identiflcation of #kely
snvironmental factors is to examine the three broad reglons associated with any dam project:
the dam and its reservolr, the upstream area, and the downstream area. {Figure 1.1 is ona
reprosentation of this concept.) Some anvironmental factors are common to all reglons,
othera to only one or two. Stmllariy, not all of the factors listed necessarily pertain to all
dams, nor wil all of them necessarlly be found In any one dam. For example, some
impoundment areas may not Include villages, agricultural fand, or marketable timber, but the
possibliity should be considered.

The following listing Is a brlef summary of major factors, Detalled discussions are
found In many sources; In particular, the International Commission on Large Dams (ICOLD) has
produced several excellent references (ICOLD, 1981, 1985, 1987) as has the American Soclety

of Civll Englneers (1978). The 1981 ICOLD Bufietin, Dam Projacts and Environmental Success,
discus9es general snvironmental problems and remedies, health problems, benaficial side
effects, and monitoring and control of project. The 1985 Bulletin, Dams and the Environment:

Motes on Reglonal influences, focuses on the particular environmental concerns in each
of three cimatic reglons: temperate; tropical, sub-tropicat and arid; and severe winter
anvironmants.

mDmWMtNea

specific provisions must be made to olminate or mitigate snvironmental damage In the
Impoundment area during and after construction. Some of these affects are the responsibliity
of the contractor and others are the responsibliity of varlous government agencles.

Provislons should be Incorporated Into construction tenders so that the oaventual
contractor clearly recognizes its responsibility for construction related impacts. The Bank
has formalized Instructions for contractors that cover many points, Including the foilowing:

o location of borrow areas and borrow pits;

o alr and water poliution from construction eguipment, earth movement, and [lving
quarters;

o screening of laborers for mported water-related diseases;
o solid waste disposal;

¢ sliting of contractor taclities and othsr Infrastructure to minimize destruction of
the natura! landscape; and,

o nolsa pollution.

Other environmental affects found in the dam and mpoundment area may be the
responsiblity of the contractor, the project authorlty, or varlous government agencles,
These environmental impacts can be both negative and positive and inciude the foliowing:

o Population Influx, assoclated with the nsed for labor for cangtruction, may cause
problems including poliution and a varlety of iinked soclal effects inciuding heatth,
gecurity, and impact on local cuttures;

o Direct affacts on peopla: reservolr creation may Involve Inundation of housses,
villages, farms and nfrastructure such as roads and transmigslon fines. When
people are invoived, Involuntary resettlement Is reguired. Involuntary resettiement
imposes major soclal and aconomic costs; It reguires particular attentlon and has
been the subject of special in—depth consideration by the World Bank (ses Cernea,
1988a, 1988b, and Cernea and Le Molgne, 1989 for detalis on the Bank's policy
and operational guidelines regarding the planning, economic. anatysls, and
implementation of Involuntary regettiement);

o Cultural/Mstorical sites: inundation of sites or areas of historic, religlous,
aesthetic or other particular cultural vatue, and sites of archecloglcal and
palsontological significance requires special attention. (For World Bank

experiencas with cuttural property, ses Technical Paper No. 62, Goodland and Webb,
1987);

o lundation of agricuttural land, especialiy highly productive bottom lands;

o Tundation of forast land, may mean the loss of valuable timber and specles
divarsity. Salvage mbering can recover soma of this potentiai loss and provide
other reservolr beneﬂts; spacles loss may not be replaceable;

o Inundation of wildife habltat, particularly habitat of threatened specles with
consequent Impact on blologicat diversity;

© lundation of potentiafly valabls mingral resourcas;

o Inundated vegetation blomass left In the raservoir can affect water quality it the
water |s to be used for potable purposes, reservolr fishing (for example, through
Intarferenca with nets), operation and longevity of dam and assoclated machinery
(s.g., offect of floating debrls, chemlcal reactions, and wear on turbines);

Souwrce: Dixon et al. 1989




0 ‘Water wasds: Profiferation of water weeds can Increase disease vector:
water quality and fisherles, increase water loss (through transpirationy; affec
navigation, racreation and fishing, and clog irrigatlon structure: and: urblne's

o Fisharles: The dam will block Tish migrations In the river, aithaugh fish; adde
sometmes be practical. Substantial new reservolr fisherles are often possible |
carefully planned and managed. In the Saguiing reservolr In Indonesia, for examp!
the reservolr fishery helped those resettled to restore or even surpasa:thelr:
previous Income levels. Similar results have been observed elsewhere Including
Thalland (Nam Pong) and in Gujarat, india; T

o Water guality within the reservolr 13, In part, dependent on what happens upstream
and retention time within the reservolr, Quality may be affacted by salt
accumulation, eutrophication from weeds and blomass dacay, turbidity, poilution from
agricultural, industrial and human wastes, and fish processing. By trapping )
sedmant, the reservolr provides better quallty water downstream with less
suspended matter. See Garzon (1984) for a fuller discussion of water quality In
hydroetactric projects;

o Healtth: Establishment of the reservoir and assoclated water management structures
{e.g., canals and ditches) can create conditions fostering establishment and spread
of water-related diseases such as schistosomiasia, onchocerclasls, encephatitis, and
mafarta. Prevention, whsre possible, Is essential, since treatment to eliminate most
diseasa vectors is difficuit {or impossible) and expensive once they become
established. In other cases, avallabilty of regulated water supplles for municipal
and Industriat use (M and D) can have major beneficiat effects;

o Effact of drawdown regima, which may create agricuttural possibliities, as well as
health, recraational, aesthetic,and access problems;

o Selsmicity may be induced by large reservolrs;
o Ground water lavel In the surrounding area may be altered;

o Local climate may be modified by large reservolrs, especlally in terms of humidity
and local 1og;

o Tsmperature of released water may be higher or lower than amblent river
temperature (depending on pattern of release); this will have varying impacts on
downstraam water users;

Upstream_Conskderations

A variety of upstream considerations can affect the dam and Ita reservolr. While not
directly “caused" by the dam, these effacts may be Induced or exacerbated by the dam. For
sxample, dam construction and reservoir filing may provide access to a préviously remote and
inaccessible area. The Induced population In-migration may lead to increased agriculturai or
mining activities with major mplications for ecll eroslon, sedimentation, and water quality. Some
of the more important upstream considerations follow:

gadimentatlon Is a major problem for many dam prolscts. Unfortunately, our knowledge
of sedment delivery patterns Is mperfect and much of tha sediment flowing intc a reservolr
may have started Its movement some time ago. These questlons are discussed In detail in
Mahmood (19887). Thers Is no question that reservolrs wil graduafly Tl with sediment, the
question is at what rate and what can be sconomically done (it anything) to Influence that

rate. Dead storage capacity is buiit Into most reservoir designs to act as low coat, and
offective, sedment traps.

Incraased population settiement and economic development in the upper c¢atchment or
watershed usuafly Increase soil movement. The timing and witimate impact of this Increased
movement on the resarvolr varles greatly from case to case.

The major sources of sediment are the following:

o Existing sediment: sedment resuiting from previous natural or Induced erosion
remains In the bed of watercourses and elsewhere In the watershed area, and wil
continue to flow Into the reservolr, particularly in perlods of heavy rainfail
(espaclally in "young” geological areas, such as the Himalayas);

o Unusual natural sedimentation: natural events such as volcanic activity,
earthquakes, mudslides, typhoons and *100 year pracipltation events” may cause
neavy sedimentation regardiess of watershed management measures;

o Road building and other construction, not necessarlly assoclated with the dam
project, can cause soil eroslon and assoclated sedimentation;

o Eroston from (usually unplanned) clsarance of vegetation, logging, and cultlvation
by pecple who have moved into the watershed areas as a direct or Indirect result
of the construction of the dam project. This Is largely a planning and reguiation
problem,

Changes In land use caused directly or indirectly by the dam and dam construction,
primarily from increases In population due to planned or unplanned resettlament from inundated
areas or sisewhere. These changes may also go on without the project; the question lg the
rate of changs. In-migration from both downstream and outalde the river bagin area is often

faclitated by the project (improved access due to new roads and water transport). The
resource and environmental effects include the following:

o Cultivation on unsultable sites, often unplanned, using unstable or otherwise
unsuitable iands (e.g., steep siopes, poor solis) leading to soll eroslon and
sadlmentation;

Source: Dixon et al. 1989




o Logging, usually unpfanned and often Hegal, whiéh'i'esults I
unsustainable expioitation of the resource, and' erogion:

© Poaching, le., llegal, unsustainable exploitation of wildlifa;

o Denudation of vegstation for cultivation, fuel ooliaét;i:‘r‘:,_a’n loggl

© Loss of witdiand and widiife habltat, with knpact on endar,
reduction of biokigical diversity;

g'éré&__-'sbe:;_ci.a and

0 Negattve mpacts on assthetic and scenic qualities of the aréa “a.rid the potantlal:
for certaln recreational uses. The reservolr, however, may creats recreaticnal

benefits;

o Polution from settlements and cuitivation;

Changsd watershed hydrology. The changes In land use patterns, It extensive enough,
may affect the timing and magnitude of runoff, especiaily during major storm svents. Changed

vegetative patterns may also Influence dry season stream flow. Hamliton and King (1983) S |
discuss the relatlonships between surface cover and hydrology In detall.

Salt_inflows from the watershed may accumulate In the reservolr and affect water !
quality. Simitarly, catchment runoff may carry Increased quantitles of agricuftural chemicais |
and fertilizer with resultant impacts on reservolr water quality.

Downstream Considerations

Numerous impacts are feit downstream. Many are poslitive and are the reasons why
dams are bulit—-increased krigation, improved water control, hydropower generation and water
supply benefits. Whether thay are considered direct or Indirect project effacts, there are
other environmental and resource impacts that can ba both positive and nepative. Among
these are the following:

o Impact on river fishary due to changes in flow regime, sffact of dam blocking fish
migration, changes In water quailty (e.g., loss of nutrients trapped by dam, poilution
from krrigation return flow, and increased water turbldity);

Effect on traditional flood plain cultivation through changee In fiow and ficoding

regime, and loss of annual “top dressing” fertiization from limited flcoding. Control

of severs flooding can alyo yleld benefits through reduced crop and property
losses;

-]

o mpact on othor water projects: changes In stream fiow and water releases from
the dam affect dams and irrigation projects slsewhere in the lower basin, The
Impacts can ba both positive and negative. Reduced siit content In water, for

axample, wil lower downstream O % M costs and permit better water management;
lower slit levels also decrease potabls water treatment costs. On the other hand,
weed growth In exlgting canals may Increass with perennfal water supplies:

o impact on municipal and industrial water supply downstream can have both positive
and negative effects depending on water quantity and quality;

o Stream bad changss are one posaible, but not a common resuft of the changed
watar flow and sediment load. This Includes tha possibility of Iincreased stream bed
drosion below the dam due to “hungry” water {(with reduced siit loads) being
released from the dam;

o Effect on sstuarine and marine fisharles and marine blota, Including endangerad
specles, through change in flow regime, change in water quallty (e.9., pollution from
toxic chemical and salts from Irrigation return flow to river) and loss of nutrlents;

© Sait Intrusion Into estuarine and lower river basin areas may result from sustained
or seasonal reduction in river flow;

o Groundwater lavel changes: Higher ievels dus to the high water levels in the
resarvolr. Downsiream, in old ficod plain areas, the groundwater lavel may fall but
in krigated areas, it may rige;

o  Health problems from water-related diseases or parasites (simHlar health problams
may aiso occur in the reservolr itseif), primarlly from krigation and assoclated
canals;

o Effects on wildiife and wildlands through loss of or change In habitat may result in
an impact on blojogical diversity.

Asgoesy Like ance

Identification of Hkely envirormental or resource mmpacts Is the first step. Once they
have been ldentified, it Is necessary to assess or evaluate which impacts are mportant and ;
nead 1o be taken Into account. Mot all impacts are of equal mportance and limits on data |
and resources (money, trained staff, tims) mean that decisions must be made on which impacts i
to consider further.

Ceortain offects are so obviously mportant that they wilf aiways be Included In the
expanded analysis: involuntary resettiement Is one example. Othars may or may not be
mportant. For example, the reservolr may flood a troplcal forest and destroy this diverse
scosystem. Are shmllar areas avallable nearby? Are there any endangerad epecles that may
be driven to extinction? Are thers uniqus cuitural or historic sites such as the Abu Simbal
monument that was moved to prevent its lnundatlon by Lake Nasser created by the Aswan
High Dam?

Given a trained multidisciplinary study team, the most Important effects ars usualy well
identifled and guantiffed. Exparience from simPar projects In the same country or In !
geographicaily similar settings can provide valable guldance and the Bank has considerabls in- Source; Dixon et al. 1989
house axpertise on these topics. Assessment Is a skili, not a check~list activity.




Table I—Checkiist of potential impacts from impoundment
projects

Consiruction phase

Sediment pollution and stream siltation

Pesticides, petrochemicals, and other potential poliutants

Quandification of erosion and sediment generation

Relevant criteria for sediment pollution

Protection of water quality during construction—general
Erosion and sediment control technigues
Treatment of polluled water from construction site
Activity scheduling

Componens of solid waste from construction operations

Disposal of chemicals and containers

Summary of solid waste impacts

Air pollution sources al construction sites

Noise generators at impoundment construction site

Typical construction noise levels

Rough estimation of noise impacts

Damaging effects of noise

Impoundment area
Probable land use impacts ‘
General methodology for evajuating Jand use changes and impacts
Lossof stream and bottom land
Relocation impacts
Recreational development—general
Secondary air pollution impacts {parking, and so on)
Solid waste generation at recreational areas
[mpact of land inundation on impouadment water quality
Organic decomposition and dissolved oxygen deficiency
Solution of iron and manganese
Loss of wildlife habitat
Assimilative capacity changes—-general
Primary determinants
Critical water quality conditions
Effects of stratification and density currents
Eutrophication and associated impacis
Consideration of evaporation
Shift from river to lake environment and reduction of species diversity
Sedimentation in impoundment
Modelling of impoundment water quality
Estimating significance of site conditions with respect 10 impaundment
water guahty ’
Potential for erosion in reservoir
Relationship of morphometry 1o potentiai cutrophication and weed
roblems
utrientsources and loadings
Quantification of influent water quality
Changes in point and diffuse poliution sources
Probability of water quality problems in stratified reservoirs
Evaluation of reservoir fisheries
Summary of water quality parameters that may be affected by
impoundment and relevant criteria
Thermal criteria for fisheries

Downsiream and areas of water use
Influence of Jand acquisition policy on reservoir development
Induced development in reglon
Land use impacts caused by increased flood protection
Land use impacts of irri?auon impoundments
Evaluation of water poilution from irrigation
Policy concerning use of flood plains
-Prevention of water c1ua1il_v degradation from irri%alion projects
Impacts of water qua ity changes on downstream iota
Impactof dam as barrier
Flowregime changes—general

Quantification of hvdrographic modification

Seasonal and diurnal flow variations

Minimum rejease requirements

Low-{low augmentation analysis

Effects on riparian vegetation

Flow requirements for salmon and otherspecies
Temperature changes—general

Er?Fortanl categories of fish species

sots of outlet location and impoundment operation
Possible thermal effects on downstream species composition
Thermal criteria for fisheries

Effects on downstream uses

Source: Canter 1983




Table il—Checklist of bio-physical and eultural e .
Catepory Sub-category Factor =

Terrestrial ~ Population Crops CE

' Natural vegetation. -
Herbivorous mammals
Carnivorous mammals
Upland game birds
Predatory birds

Habjlat/landuse  Bottomland forest!
_ Upland forest*
- : Open{non-forest) fands®
. : ) Drawdown zone

- . : Land use

Land quality/ Soilerosion

Soilerosion Soil chemistry

. Mineral extraction
Critical community Species diversity
relationships

Aquatic Populations Natural vegetation
Wetland vegetation
Zooplankton
Phytoplankton
; - Sportiish
ommercial fisheries
Imertidal orpanisms
Benthos/Epibenthos
i Waterfowl
Habitats Stream®
Freshwater lake*
River Swamp®
Non-river Swamp’
Water quality Hlevels
. urbidity
Suspended solids
Water temperature
Dissolved oxygen :
Biochemical oxygen demand
Dissolved solids
Inorganic nitrogen
Inorganic phosphate
Salinity
Iron and manganese
Toxic substances
Pesticides
Faecal coliforms
Stream assimilative capacity
Water quantity Stream flow variation
. Basin hydrologic loss
Critical community Speciesdiversity
relationships

Air Quality Carbon monoxide
Hydrocarbons
Oxides of nitrogen
Particulates
Climatology Diffusion factor

Human Noise . Noise
Interface .
Aesthetics Width and alignment
- Variety within vegetation type
Animals—domestic
Native Fauna
Appearance of water
Qdor and floaling materials
Qdor and visual guality
Sound
Historical Historicalinternal and external
sites
Archaeological Archaeelogicalinternal and
exiernal sites

T. A composite of the species associalions: percentage mast-bearing
trees; percentage covered by understory; diversity ot understory,;
percentage covered by groundcover: diversity of groundcover; number
of trees = 16in diameter per acre, percentage of trees = 16 indiameter:
frequency of inundation; edge {quantity); and edge (quality}.

2. Acomposite of the following: species associations: percentage
mast-bearing trees: percentage coverage of understory. diversity of
understory; percentage coverage of groundeover. diversity of
groundcover: number of trees =16in diameter/acre: percentage of
trees =16 in diameter: quantity of edge: and, mean distance ta edge.
3. A composite of the following: land use: diversity of land use:
quantity of edge: and. mcan distance to edge.

4, Acomposite of the following: sinuosity: dominant centrarchids:
mean low water width; turbidity; total dissolved solids: chemical 1ype:
diversity of fishes: and, diversity of benthos.

5. A compasite of the following: mean depth: wrbidity: total dissolved
solids: chemical type; shore development: spring flooding above
vegelation line; standing crop of fish: standing crop of sport fish;
diversity of fish: and, diversity of benthos.

6. A composite of the following: species associations: percentage
forest cover: Fe reentage flooded annually; groundcover diversity;
[’)ercemagc of groundcover: and. days subject o river overflow.

A composite of the following: species associations: percentage Source: Canter 1983
forest cover, Ferccnlagc flooded annually: groundeover diversity and
percentage o

groundcover.
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