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ABSTRACT

The literature on applying sewage effluents and sludges to the land has
been anriotated quite thoroughly through the year 1965 in previous publi-
cations. The purpose of this report is to combine selected abstracts from
these previous publications and to update the sources covered into the
year 1973. The period from 1968 into 1973 represents a very active
period during which the literature reflects the current attractiveness

of land application approaches as an advanced waste treatment approach.

This report includes 568 selected abstracts which have been compiled as
part of several EPA contracts on iand application of sewage effluents and
sludges. These abstracts have been arrayed in chronological groupings
and identified as to emphasis on effluent or sludge. The report also
includes an author index and a subject matter (descriptor term) index

to facilitate reference to specific abstracts or to abstracts addressing .
narrower subject matter areas. Countries, states, and, in zome cases,
actual project locations are inciuded in the subject matter index as
geographic locators.
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PREFACE

Application of wastewater to the land as an alternative or as an adjunct
to more conventional methods of wastewater management is receiving
increased attention as a result of recent environmental concerns and
fegislation. Byplay generated through the brash claims of strong pro-
ponents and the counter statements of adament opponents regarding the
viability of land application approuches confuses one seeking reliable
information to support objective decisions for selection of a wastewater
management alternative. EPA has recently supported several contract
studies to put land application processes into oroper perspective with
the more conventional concepts of partially ~emoving specified impurities
and then discharging effluents directly into watercourses. The results
of these contract studies reiterated the fact that land application of sewage
predates all of the more con ventional approaches to treaiment cnd direct
discharge to watercourses. It is of interest to note that some of the land
application systems in operation ct the present time were constructed
and placed in operation prior to the development of such waste treat-
ment concepts as the rotary sprink'er for trickling filters, the Imhoff
tank, or the activated sludge process. :

Over one thousand articles were perused during the conduct of three EPA
contract studies which were initiated to (1) survey existing facilities
using land application of wastewoter, (2) assess the state-of-the-art for
applying municipol ef;juents to the lond, and (3) assess the state-of-the-
urt for applying municipal sludges to the land in the eastern United
S*stes. The 568 abstracts included in this report were compiled from

the literature citations which the contractors for these three studies
deemed most relevant to a thorough understanding of the current state-
of-the-art. The recent surge of attention directed to land application of
wastewater is highlighted by noting that 237 of the 568 abstracts included
are for reports prepared since the publication of our previous aanotated
bibliography covering the period through 1965.
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USER GUIDE

The 568 abstracts included in this report have been arrayed and indexed
in @ manner intended to facili ‘- use by interested per-ons with diver-
sified interests. The basic ar y of a chronological grouping is supple-
mentad with wastewater source identifiers, a subject matter index -
including geographic descriptors, and an author index. The chrono-
logical array was chosen to serve th.2 reader with a desire to make a
historical synopsis or to peruse information generated over a specific
but limited time span. Since the compilation of abstracts covers articles
addressing municipal effluents, sludges, and industrial wastewaters,
the accession number for cach entry contains an alphabetic descriptor
which identifies the primary waste source covered in the subject abstract.
The alphabetic descriptors are: "M " for municipal effluents, 'S " for
sludges, and 1" for industrial wastewaters." These alphabetic descrip-
tors provide the means for a user to select abstracts addressing a
specific category of waste source when using the subject matter index

of descriptor ter_n%s. The subject matter index is composed of some 185
descriptors selécted from the current issue of the Water Resources
Thesaurus. In addition to these subject matter descriptors, the names
of countries, states within the United States, ~nd, in some cases, profect
locations are included in the subject matter index as geographic

locators. The author index includes the senior author and the fir st

two coauthors for those articles listing more than three authors.

This compilation of abstracts has been drawn ‘from multiple sources
with differing techniques for citing sources, choosing descriptor; terms,
and preparing abstracts. An earnest and concerted effort has been
made to achieve the integration of these abstracts into o single report
which maintains clarity of meaning and pro "Jes an accurate literature
citation for referral to the original articles. _sers who find errors in
Jiterature citations would be doing their fellow users a service by
calling such errors to our attention for correction in subsequent
revisions of this compilation of abstracts.
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DESCRIPTOR TERM INDEX

Abilene: 032 M

Activared sludge effluents: 028 M, 189 M, 198 M, 220 M, 221 1, 293 M,
302M, 345M, 371 M, 411 M, 422 M, 474 M, 432 M, 530S

Aerated lagcen effiuents: 148 M, 1601, 400 M, 414 M, 489M, 493 M,
519M

Aerobic conditions: 124 M, 288 M, 297 M, >06 M, 315 M, 397 M, 405 M,
449 M

Aerobic digestion: 033S, 434S, 4615, 4955, 546 S
Aerosols: 212M, 224 M, 415M, 427 M, 455M, 540S, 541 M
Alabama: 389M, 547 S

Anaerobic conditions: 0431, 142M, 258 M, 422 M, 449 M, 475 M, 5128,
548 M

Anaerobic digestion: 006S, 0i2S, 019S, 0335, (438 S, 0481, 084 S,
704S, 1595, 163S, 2281, 2355, 360S, 378S, 495S, 512 S, 553 S

Animc! diseases: 005M, 143 M

Arizona: O046M, 176 M, 180 M, 186 M, 223 M, 267 M, 269 M, 352 M, 353 M,
354M, 356 M, 364 M, 371-M, 405M, 460M, 476 M, 477 M, 483 M,
503 M, 504 M -~

Arkansas: 0871
Australia: 056 M, 121 M, 216 M, 500 M, 507 M

Bakersfielc 045M, 226 M
Berlin: 125M, 155M, 308 M

Bibliographies: 063S, 064 M, 084 S, 119M, 210S, 232 M, 328 M, 401 S,
440 M, 499 M, 534 M, 541 M

Biodegradation: 289 M, 306 M, 475M, 482M, 5115
Border irrigation: 286 M. 2901, 463 M
Buffer zones: 224 M

California: 003 M, 010M, 016 M, 020 M, 031 I, 041 M, 045M, 053 M,
055M, 057 S, 058 M, 068M, 0831, 090 M, 099 M, 1001/, 101 M, 116 M,
119M, 124 M, 127 M, 1451, 146 M, 147 M, 184 M, 198 M, 207 M,
210S, 212 M, 213 M, 2145, 215M, 219 M, 221 1, 226 M, 233 M,

234 M, 248 M, 259 M, 272 M, 276 M, 2841, 289 M, 293 M, 296 M,

xiv




California--continued:
299 M, 302M, 303 M, 317M, 321 M, 322S, 3421, 350M, 355 M,
362 M, 366 M, 374 M, 379M, 409 M, 410M, 411 M, 412 M, 422 M,
Y23 M, 435 M, 439M, 4451, 446 M, 468 M, 474 M, 478 M, 484 M,
5131, 520M, 533 M, 559 M, 5661, 568 M

Canada: 001S, 208 M, 3011, 333 M, 334S, 335M, 4211

Chicago: 050S, 360S, 363S, 384S, 391S, 465S, 495 S, 5128, 555 M
China: 29iM, 5311 g

Climatic data: 002M, 016 M, 056 M, C61 M, 0801, 107 M, 1585, 211 M,
341 M, 437 M, 514 M

Clogging (soi!): 021 M, 044M, 072M, 1171, 134 M, 1691 288 M,

297 M, 351 M, 354 M, 400M, 410M, 419 M, 449 M, 4861, 487 M,
548 M

Coliforms: 005M, 052M, 095M, 1051, 123 M, 130M, 132M, 133 M,
135M, 199 M, 248M, 276 M, 277 S, 281 M, 299M, 306 M, 320M,
343 M, 383 M, 386 M, 398M, 405M 415M, 427 M, 429 M, 440 M,
476 M, 493 M, 4955, 519 M

Colorado: 152 M, 252 M, 419M, 5025, 5295
Conferences: 316 M, 347 M
Connecticut: 150S, 2355 -

Costs: 001S, 06SM, 010M, 018 M, 020 M, 025M, 0311, 035S, 038 S,
039 M, 0511, 063S, 067S, 074M, 075 M, 078 M, 079 M, 083 M,
0881, 0911, 0921, 116 M, 1221, 1361, 1371, 146 M, 158 M, 168 1
1701, 177S, 1781, 184 M, 185M, 1931, 200M, 203 S, 213 M,
214S, 219 M, 223 M, 234 M, 243 S, 244 S, 265 M, 269 M, 280 M,
287 M, 294 M, 300M, 305M, 3G9/, 339M, 352 M, 355 M, 356 M,
371 M, 277 M, 380M, 3881, 391 S, 413S, 4211, 423 M, 4241,
429M, 431 M, 444 M, 4501, 4521, 456 M, 463 M, 465 S, 469 M,
477 M, 507 M, 5131, 518 M, 525 M, 526 M, 53711, 544 M, 5475,
556 M, 565 M

Crop response: 0701, 072 M, 073 I, 262 M, 264 S, 267 V. 285 S, 283 M,
305M, 308 M, 312 M, 319M

Czechoslovakia: 197 M

/s

Dairy wastes: 1031, 1141, 1181, 1681, 2011, 2021, 206 1, 208 M, 310/,
3731, 4181, 4861

Deep percolation: 044 M, 055 M, 068 M, 090 M, 099M, 101 M, 199 M,
233 M, 238 M, 249 M, 258 M, 293 M, 343 M, 435M, 460 M, 468 M,
520M, 568 M

Denitrification: 1051, 272 M, 276 M, 343 M, 354 M, 425 M, 429 M, 437 M,
475 M, 476 M, 482 M, 503 M, 504 M, 551 M
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Design data: 050S, 053 M, 057 S, 061 M, 076 M, 093 I, 111 M, 7181,
148 M, 223 M, 225S, 2371, 252 M, 2901, 2981, 307 M, 3091,
325S, 3321, 333 M, 3811, 393 M, 420 M, 444 M, 4451, 456 v, 471 M,
514 M, 523 M, 525 M, 526 M, 5281, 546 S, 564 M, 565 M, 567 M

Detergents:, 132 M, 134 M, 263 M, 376 M
Dewatering: 546 S

Disinfection: 007 M, 215M )
Dissolved solids: 229M. 2841, 419 M, 426 M, 446 M, 459 M, 493 M, 567 M

Eccnomic feasibility: 001S, 004M, 006 S, 009M, 017 M, 034S, 038 S,
039 M, 042 M, 060 M, 065M, 066 M, 072 M, 074 M, 076 M, 081 M,
125M, 156 M, 162S. 1691, 188 M, 189 M, 197 M, 203 S, 207 M,
2105, 211 M, 218 M, 2371, 253S, 254 M, 266 M, 271 S, 272 M,
305M, 318 M, 321 M, 353 M, 357 M, 360S, 380 M, 384S, 390 M,
520 M, 5281, 529 S, 536 M, 555 M, 556 M, 557 M, 558 M

England: 109M, 113S, 230S, 264S, 315M, 377 M, 406 S, 41385,
416 M, 491S, 530S, 546 S

Europe: 015M, 021 M, 023 M, 040 M, 054 M, 075M, 140 M, 158 M,
19044, 222 M, 227 M, 378S, 434S, 532 M

Evapotranspiration: 002 ¥, 451 S

Fertilizer value: 006S, 012S, 019S, 026 S, 033S, 034S, 0355, 039M,
050S, 057S, 063S, 182S, 2901, 292 M

Fiber crops: 013 M )
Fish farming: 222M, 291 M, 323 M

Flood irrigation: 002M, 003M, 004 M, 011 M, 013 M, 014 M, 018M, 021 M,
023 M, 025M, 026 S, 027 M, 028 M, 030 M, 036 M, 042 M, 045 M,
0481, 052 M, 053 M, 062 M, 066 M, 073/, 074 M, 0881, 126 |,
129M, 131 M, 207M, 217S, 240 M, 241 M, 250 M, 254 M, 262 M,
266 M, 267 M, 270M, 274 M, 280 M, 281 M, 282 M, 286 M, 297 M,
312 M, 325S, 3271, 341 M, 488 M, 489 M, 507 M, 560 M, 565 M

Florida: 251S, 464 M, 521 M, 522 M, 542 M

Food processing wastes: 0471, 0511, 0701, 0871, 0911, 092 1, 0931,
0971, 1141, 1171, 1201, 1221, 1261, 1361, 1371, 154 I, 1691,
1791, 1811, 2281, 3321, 3381, 3421, 3491, 3731, 3811, 382 /,
3871, 4031, 4041, 4181, 4501, 4521, 4921, 5131, 5161, 563 I,

566 1

Forage crops: 018M, 036 M, 042 M, 045M, 059 M, 064 M, 068 M, 076 M,
078 M, 082 M, 086 M, 0971, 102S, 110M, 121 M, 167 M, 1701,
175 M, 186 M, 1911, 1931, 195M, 1961, 2041, 212 M, 216 M,
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Forage crops--continued:
224 M, 226 M, 2281, 260M, 241 M, 2551, 262 M, 2751, 3271,
334S, 3381, 394M, 496S, 443 S, 488 M, 522 M, 536 M, 538 M,
547 S, 563 1,568 M

France: 028 M, 083 M

Fresno: 058 M, 350 M
Fruit crops: 081 M, 096M, 121 M, 127M, 216 M, 268 M, 566 I

Furrow irrigation: 047 M, 015M, 022 M, 0311, 032 M, 0471, 0881,
0931 094 M, 130 M, 1361, 142 M, 268 M, 286 M, 305 M, 3091,
323M, 3301, 341 M, 3421, 348 M, 357 M, 448 M, 4861, 516 |

Geohydrology: 473 M, 484 M, 510 M
Georgia: 2531
Germany: J60M, 086 M, 098 S, 1135, 125M, 138 M, 139M, 155 M,

187 M, 217S, 224 M, 231 M, 286 4, 2901, 308 M, 395 S, 396 S,
4781, 428 M, 451 S

Colf courses: 146 M, 161 M, 184 M, 211 M, 215M, 423 M, 446 M, 464 M,
508 M

Grain crops: 011M, 046 M, 106 S, 129M, 176 M, 195 M, 240M, 267 M,
291 M, 385M, 394 M, 4545, 5125

Creenbelts: 016 M, 020 M, 049 S, 162S, 274 M, 2841, 317 M, 568 M

Groundwater contamination: 0891, 090M, 100/, 101 M, 164 M, 247 M,
2751, 302 M, 3101, 320 M, 361 M, 368 m, 39715, 398 M, 439M,
457 M, 467 S, 472 M, 506 M, 510M, 540S, 541 M

Groundwater movement: 090 M, i98 M, 361 M, 368 M. 374 M, 298 M,
473 M, 506 M

Groundwater recharge: 040M, 055M, 058 M, 068 M, 0891, 100!, 1171,
117 M, 124 M, 128 M, 140M, 1451, 161 M, 1811, 190M, 198 M,
207 M, 213 M, 229M, 232 M, 234 M, 239M, 241 M, 247 M, 249 M,
259 M, 269 M, 296 M, 302 M, 312M, 317 M, 318 M, 321 M, 323 M,
328 M, 340M, 344 M, 345M, 350M, 352 M, 353 M, 355M, 356 M,
380M, 385M, 393 M, 422 M, 431 M, 436 M, 440M, 441 M, 442 M,
457 M, 458 M, 459 M, 474 M, 476 M, 477 M, 479 M, 506 M, 508 M,
535M, 550M

Hawaii: 567 M

Heavy metals: 229 M, 238M, 264S, 308 M, 376 M, 3915, 392 M, 473 M,
490M, 491S, 505M, 5115, 530S, 5535, 562 M

Hertfordshire: 264 S, 491 S, 530S

XVii




Human disegses: 029M, 034S, 037S, 042 M, 052 M, 062 M, 063S, 066 M,
081 ki, G95M, 098 S, 112M, 128M, 130M, 131 M, 133 M, 134 M,
135M, 143 M, 1451, 153 M, 156 M, 161 M, 165 M, 186 M, 187 M,
268 M, 291.4, 326 M, 367 M, 370M, 378S, 397 M, 406 S, 428 M,
455 M

Hungary: 4531
Hydroponics: 402 M

tdaho: 459M

Illinois: 050S, 067 S, 360S, 363S, 384S, 391S, 4655, 473 M, 4955,
512S, 5535, 555 M

India: 314 M

Indiana: 1201, 2091, 462 °, 4941

Injection wells: 234 M, 431 M, 458 M

lon exchange: 17i M, 238M, 272M, 3225, 439 M, 4531, 490 M

fowa: 0471, 1141, 1361

Israel: 189 M, 241 M, 247 M, 254 M, 281 M, 312 M, 340M, 390 M, 493 M

Kansas: 165M

Land reclamation: 214 S, 363S, 443S, 4655, 538 M, 553 S

Legal aspects: 054M, 187 M, 218 M, 416 M, 438M, 466 S, 479 M, 517 M
Los Angeles: 055M, 058 M, 293 M, 296 M, 302M, 411 M, 422 M, 520M
Louisiana: 357 M, 426 M

Lubbock: 278 M, 385M, 457 M

Maryland: 467S, 480M

Massachusetts: 499 M

Melbourne: 056 M, 121 M, 500M, 507 M
Memmingen: 086 M

Mexico: 438 M

Michigan: 049S, 151 1, 177S, 1791, 2731, 339°M, 414 M, 481 M, 524 1,
557 M, 560M, 564 M, 565M

Microbial degradation: 012 S, 1831, 194M, 256 M, 277 S, 350M, 4081,
492 |
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Milwaukee: 0i25S

Minnesota: G931, 1221, 1691, 200M, 471 M, 551 M
Missouri: 104 S

Mcaitoring. 1511, 3421, 348 M, 349 I, 411 M, 420M, 468 M, 474 M
Munich: 395S, 396 S

Muskegon: 339M, 481 M

Nebraska: 1261, 1921

Netherlands: 164M, 249 M, 304 M

New Hampshire: 554 M

New Jersey: 022M, 024S, 025M, 1171, /241

New Mexico: 115M

New York: 035S, 1031, 111 M, 2255, 343 M, 345M, 431 M

New Zealand: 2061, 2281, 2451

" Nitrate contamination: 0701, 109 M, 340 M, 350 M, 439 M, 472 M, 553 S

Nitrification: 026S, 036 M, 084S, 109M, 194 M, ..8M, 405M, 498 M,
504M, 511S, 551 M

North Carolina: 305 M

Nutrient removal: ©12S, 110M, 1921, 200M, 263 M, 394 M, 402 M,
4031, 410 M, 503 M, 521 AL, 551 M

Odor: 018M, 020M, 024 S, 0311, 049S, 0505, 058 M, 061 M, 069 M,
0891, 0931, 1201, 1221, 128M, 1371, 1505, 1701, 1811, 189 M,
2021, 208 M, 215M, 2255, 278 M, 311 M. 376 M, 3915, 406 S,
4211, 436 M, 522 M, 530S

Ohio: 038S, 1961, 2751, 306 M, 307 M, 3491, 437 M, 444 M, 485 M,
558 M

Oklahoma: 263 M

Operation and maintenance: 001 S, 009M, 025 M, 027 M, 029 M, 035 S,
038S, 0511, 054M, 061 M, 067 S, 069 M. 075M, 076 M, 077 M,
158 M, 172M, 177 S, 2515, 278 M, 296 M, 2981, 356 M, 3881,
423 M, 489 M, 500M, 518M, 5281, 554 M, 535 M

Organic loading: 017 M, 031/, 040 M, 053M, 0911, 0971, 1031, 1181,
144 M, 1571, 1661, 1911, 2011, 260M, 288 M, 307 M

Overland flow: 077 M, 1931, 2951, 3381, 3491, 369 M, 3811, 3821,
4031, 4041, 448 M, 4501, 4921, 507 M, 5131,:527 M, 544 M,
549 M, 550M, 554 M
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Oxidation fagoons: 0431, 105 [, 108 M, 129M, 210S, 2451, 247 M, 248 M,
281 M, 323 M, 335M, 362 M, 377 M, 3811, 390 M, 416 M, 4521,
564 M

Paris: 3381, 3811, 3821, 4031, 4041, 4501, 4921

Pathogenic bacteria: 005 M, 037S, 060M, 094 M, 095M, 096 M, 098 S,
123 M, 130 M, 135 M, 143M, 217S, 250 M, 279 M, 294 M, 367 M,
370 M, 397 M, 427 M, 428 M, 456 M, 467 S, 532 M, 540 S

Penn State: 393 M, 394 M, 420 M, 425M, 441 M, 442 M, 443 S, 497 M,
498 M, 514 M, 518 M, 536 M, 538 M, 539 M

Pennsylvania: 0431, 0701, 181 /I, 2951, 313S, 337S, 3755, 393 M,
394M, 420 M, 425 M, 441 M, 442 M, 443 S, 466 S, 497 M, 498 M,
514M, 518 M, 523 mi, 536 M, 537 M, 538 M, 539M, 544 M

Pesticides: 4081
Phoenix: 352M, 353 M, 354M, 356M, 476 M, 477 M, 503 M, 504 M

Phosphorus removal: 272M, 276 M, 343 M, 346 M, 402 M, 4031, 425 M,
437 M, 4501, 476 M, 477 M, 487 M, 490 M, 498 M, 551 M, 552 M

Planning: 175M, 140M, 227 M, 233 M, 252M, 335 M, 358 M, 363 S,
412 M, 417 S, 438 M, 463 M, 464 M, 481 M, 485 M, 499 M, 502 S,
519 M, 555 M, 556 M, 557 M, 558 M, 559 M, 567 M

Plant diseases: 359 M, 443 S, 538 M
Plant growth: 059 M, 110M, 222 M, 270 M, 280 M, 512 S

Polend: 074 M, 076 M, 077 M, 078 M, 079 M, 156 M, 239 M, 257 M,
258 M, 270 M, 292 M, 319M, 351 M

Potato processing wastes: 3871, 3881

" Primary effluent: 007M, 010M, C11 M, 013 M, 015 M, 022 M, 032 M,
D46 M. 094M, 112M, 140 M, 152M, 186 M, 788 M, 226 M, 233 M,
278 M, 289 M, 333M, 436 M, 447 M, 468 M, 487 M

Public acceptance: 016 M, 049 S, 065M, 337S, 364M, 406S, 412 M,
478 M, 499M, 530S, 557 M, 558 M

_ Public health regulations: 009M, 023 M, 029 M, 030M, 0375, 041 M,

“ 060M, 064M, 072M, 085S, 1135, 127 M, 139 M, 141 M, 152 M,
1541, 155 M, 161 M, 1635, 173 M, 180M, 188 M, 215M, 218 M,
235S, 2425, 250 M, 312M, 358M, 366 M, 367M, 372M, 379M,
401S, 415M, 430M, 4518, 532M, 533 M, 5444

Pulp and paper wastes: 1511, 166 1, 1741, 1831, 196 1, 2091, 2551,
2981, 3101, 3271, 3731, 407 I, 4941, 524 1
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Rates of application: 008 M, 010M, 017 M, 028 M, 039 M, D46 M, 047 1,
048 I, 052 M, 053 M, 061 M, 077 M, 0871, 1031, 1171, 1201, 121 M,
1261, 1361, 1451, 147 M, 748S, 1511, 1661, 167 M, 1681, 1741,
190 M, 164M, 1961, 2041, 2091, 226 M, 251 S, 2551, 256 M, 257 M,
264'S, 270 M, 271S, 2751, 283 M, 285S, 293 M, 2951, 3011, 307 M,
3091, 311 M, 319M, 3271, 3301, 3321, 3421, 344 M, 345 M, 348 M,
352 M, 360S, 3821, 383 M, 385M, 386 M, 3871, 3881, 393 M, 394 M,
407 1, 414 M, 4181, 422 M, 4241, 425 M, 441 M, 442 M, 447 M, 452 1,
454'S, 460M, 4621, 469M, 471 M, 474 M, 482 M, 487 M, 489 M,

494 1, 495S, 498 M, Z00M, 504 M, 508 M, 509 M, 514 M, 518 M,.

521 M, 522 M, 523 M, ~35M, 539 M, 550 M, 552 M, 562 M, 566 1,
568 M

Raw sewage: 002M, 004 M, 005M, 023 M, 028 M, 030M, 062M, 064 M,
106 S, 127 M, 198 M, 246 M, 248 M, 253S, 256 M, 257 M, 262 M,
270M, 277 S

Recreational facilities: 116 M, 119M, 211 M, 274 M, 299 M, 317 M, 321 M,
328M, 379M, 401S, 412M, 4451, 542 M

Recycling nutrients: 057 S, 063S, 064 M, 067 S, 078 M, 079 M, 102 S,
108 M, 112M, 125M, 140M, 142M, 149 S, 150S, 153 M, 159 S,
163S, 176 M, 180M, 182S, 203S, 214S, 222 M, 2255, 230 S,
269M, 334S, 336 S, 360S, 375S, 396 S, 434S, 461S, 4665,
470 S, 475M, 515S, 5435, 561 S

Reviews: 006S, 008 M, 015M, 018M, 021 M, 029 M, 034S, 071 M, 107 M,
138 M, 1831, 190M, 239M, 243S, 267 |, 265 M, 282 1, 283 M, 316 M,
322S, 326 M, 359 M, 366 M, 367 M, 369 M, 370 M, 371 M, 399 M,
401S, 4071, 409 M, 430M, 433 M, 435M, 438 M, 448 M, 456 M,
460 M, 479 M, 4861, 496S, 502 S, 5155, 517 M, 525 M, 526 M,
532 M, 534 M, 537 M, 545M, 549M, 554 M, 560M, 564 M

Rhode Island: 42] M

e

Salinity: 055M, 059 M, 153 M, 184M, 233 M, 2551, 2841, 292 M, 3225,
357 M, 376 M, 392 M, 426 M, 427 M, 4531, 472 M, 483 M, 493 M,

5631
San Antonio: 011 M, 082 M, 326 M
San Francisco: 016M, 020M, 116 M
Saniee: 248 M, 299M, 321 M, 412 M

Seabrook Farms: 1171, 1541,

Septic tanks: 036 M, 147 M, 220 M, 288 M, 297 M, 311 M, 361 M, 400 M,
447 M

Silviculture: 2731, 455M, 535M, 536 M, 537 M, 538 M




Sludge(dlsposal: 024S, 034S, 037S, 041 M, 049S, 050S, 067 S, 084S,
085S, 086N, 098S, 104S, 129 M, 1495, 1505, 162 S, 163 S,
182S, 214 S, 230S. 231 M, 235S, 242S, 243 S, 244 S, 251 S, 2535,
264.S, 2715, 277S, 3101, 313S, 3225, 3255, 336 S, 337 S, 363 S,
365S, 3755, 378S, 384 S, 3955, 3965, 413S, 434S, 465S, 466 S,
467S, 496S, 501S, 502 S, 515S, 543S, 546 S

Soil chemical properties: 006S, 008 M, 036 M, 142 M, 144 M, 236 M, 243 S,
249 M, 257M, 258 M, 2901, 292 M, 306 M, 3T4 M, 329 M, 346 M, '
351 M, 368 M, 389M, 432 M, 433 M, 4435, 448 M, 449 M, 4531,
4675, 470S, 483 M, 488 M, 490M, 491S, 497 M, 503 M, 505 M

Soil contamination: 042M, 052 M, 308 M, 383 M, 408 I, 433 M, 455 M,
501S

Soil microbiology: 044 M, 359 M, 409 M, 420M, 432 M, 433 M, 439 M,
447 M, 451S, 497 M, 5115

Soil physical properties: 004 M, 008 M, 010 M, 014 M, 019S, 025M,
026S, 027 M, 044 M, 075M, 131 M, 144 M, 1741, 1831, 257 M,
258 M, 285S, 292M, 308 M, 320 M, 329 M, 346 M, 354 M, 361 M,
374 M, 389M, 392M, 419M, 420 M, 433 M, 435 M, 464 M, 4941,
497 M, 504 M, 506 M, 533 M, 536 M, 548 1, 550 M, 560 M

Soil types: 011 M, 014M, 017 M, 023 M, 024 S, 026S, 0471, 0481, 083 M,
0881, 0891, 101 M, 1045, 107 M, 124 M, 138 M, 139M, 1595,
164M, 167 M, 1701, 171 M, 194 M, 199 M, 2021, 2091, 242 5,
243S, 2451, 246 M, 271S, 277S, 283 M, 289 M, 307 M, 320M,
329M, 339M, 341 M, 374 M, 393 M, 400M, 4041, 4071, 408 /,
419M, 435M, 437 M, 483 M, 488 M, 507 M, 521 M, 5241, 552 M,
462 M

South Africa: 071 M, 266 M, 519M

Southeast U.S.: 182 S
Southwest U.S.: 009M. 014 M, 175 M, 274 M, 372 M, 472 M

Soviet Union: 113S, 246 M, 250 M, 279 M, 320 M, 341 M, 386 M, 398 M,
399M, 488 M -

Spray disposal: 039M, 077 M, 0921, 1141 1201, 1511, 171 M, 192 1,
2021, 219 M, 276 M, 2981, 3271, 333 M, 335 M, 465 S, 5131,
5241, 527 M, 542 M, 554 M

Spreading basins: 058 M, 099M, 1001/, 101 M, 124 M, 234 M, 241 M,
47 M, 293 M, 317 M, 354 M, 356 M, 398 M, 410M, 411 M, 454 S,

472 M, 477 M, 533 M

Sprinkler irrigation: 016 M, 020 M, 069M, 0701, 0801, 083 M, 0855,
086 M, 0871, 0881, 0911, 0971, 102S, 1031, 106 S, 107 M, 112 M,
1781, 1221, 123 M, 125M, 128 M, 133 M, 1371, 138 M, 141 M,
142 M, 147 M, 148 M, 150S, 155M, 166 1, 167 M, 1681, 1691,
1701, 1741, 176 M, 1791, 180M, 1811, 1831, 184 M, 187 M,




Sprinkler irrigation--continued:
’ 189M, 190M, 1911, 195M, 1961, 137 M, 200M, 2011, 2041,
2061, 208 M, 2091, 212 M, 212M, 215M, 217S, 224M, 226 M,
227 M, 229M, 2371, 2451, 2731, 2751, 279 M, 282 M, 286 M,
2951, 296 M, 3011, 304M, 311 M, 3301, 3321, 339 M, 357 M,
358M, 362 M, 365M, 378S, 383 M, 3871, 414M, 4241, 4451,
G46 M, 4621, 463 M, 464 M, 469M, 471 M, 481 M, 4861, 497 M,
514M, 5161, 518 M, 522 M, 523 M, 539M, 552 M, 56 M

Subsurface drainage: 205M, 351 M, 386 M
Subsurface irrigation: 138 M, 139M, 410M, 428 M, 529 S

Surveys: 014 M, 030M, 0731, 082M, 109M, 119 M, 158 M, 1625, 177 S,
1825, 187 M, 1921, 220M, 210S, 213 M, 219M, 275M, 280 M,
282 M, 283 M, 294 M, 303 M, 304M, 344 M, 355 M, 366 M, 414 M,
478 M, 484 M, 510M, 5161, 544M, 545 M

Suspended solids: 045M, 116 M, 1571, 2731, 3491, 377 M, 423 M,
494 I, 5281, 542 M

Sweden: 4708

Tannery wastes: 3011, 3731, 4181, 4211
Tennessee: 4615

Tertiary treatmerit: 045M, 074 M, 116 M, 299 M, 300 M, 345M, 352 M,
362M, 377 M, 416 M, 431 M, 436 M, 441 M, 4445 M, 459 M, 460 M,
492, 508 M, 542 M

Texas: 002 M, 007M, 011 M, 013M, 027M, 032M, 082 M, 129M, 744 M,
172M, 185M, 188 M, 278 M, 280 M, 3255, 326 M, 328 M, 338 I,
367M, 3811, 3821, 385M, 4031, 4041, 4501, 457 M, 489 M, 492!

Tile drainage: 205M, 473 M
Trickling filter effluent: 057 S, 348 M, 402 M, 458 M
Tucson: 046 M, 176M, 180M, 269 M, 364 M, 371 M, 405 M, 460 M, 483 M

United States: 001S, 017M, 021 M, 029 M, 03GM, 039M, 040M, 054 M,
0731, 0801, 084S, 113S, 1181, i41 M, i49 %, 1595, 163 S, 220M,
232 M, 253S, 282 M, 300M, 406 M, 4071, 479 M, 4365, 51585,
5161, 517M, 525M, 526 M, 5281, 532 M, 545M, 556 M

Utah: 748 M

Vegetable crops 007 M, 022 M, 035S, 037S, 062 M, 966 M, 072 M, 081 M,
095 M, 096 M, 123 M, 131 M, 132 M, 133 M, 134 M, 135M, 156 M,
188M, 217 S, 246 M, 250 M, 279 M, 285S, 304 M, 358 M, 4518,

547 S, 5631
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Vegetation damage: 094 M, 171 M, 200 M, 426 M, 540 S
Vineland: 022M, 0245, 025M

Virginia: 1741

Viruses: 248 M, 209M, 364M, 368M. 370M, 374 M, 386 M, 397 M, 4i2 M,
428 M, 429 M, 440M, 473 M, 509 M, 519 M, 541 M, 567 M

Washington: 0971, 1°31, 195 M, 203S, 2041, 3321, 361 M, 3881

Wastewcter disposal: 027 M, 040 M, 041 M, 0511, 054 M, 068 M, 069 M,
071 M, 078 M, 079 M, 082 M, G83 M, 0871, 106 S, 107 M, 108 M,
110M, 111 M, T19M, 121 M, 125M, 132 M, 139M, 141 M, 144 M,
146 M, 1541, 155M, 156 M, 172M, 173 M, 176 M, 180M, 185M,
1911, 1931, 203S, 205 M, 206/, 216 M, 222 M, 227 M, 231 M,
232 M, 2371, 260M, 283 M, 287 M, 291 M, 314 M, 326 M, 389M,
432 M, 466 S, 468 M, 469 M, 475 M, 480M, 5158, 533 M, 535 M,
845 M, 549 M, 555 M

Wastewater treatment: 0431, 0s8 M, 0911, 096 M, 098 S, 099 M, 1051,
108 M, 111 M, 115M, 143 M, 146 M, 147 M, 148 M, 152 M, 153 M,
155M, 197 M, 199 M, 220M, 249 M, 263 M, 2951, 303 M, 326 M,
331 M, 333 M. 364M, 3655, 369 M, 371 M, 379 M, 380 M, 390 M,
309 M, 405 M, 409 M, 417S, 425M, 430M, 441 M, 442 M, 444 M,
445 |, 448 M, 480 M, 481 M, 484 M, 485 M, 486 S, 498 M, 499 M,
500M, 510M, 527 M, 5311, 537 M, 549 M, 557 M, 558 M, 559M

Water management (applied): 339 M, 344 M, 385 M, 485 M, 523 M,
556 M, 559 M

Water quality data: 055M, 099M, 709 M, 1141, 124M, 1261, 149 S,
1571, 165M, 1781, 1921, 2041, 272 M, 236 M, 2451, 260 M,
265M, 3381, 347 M, 366 M, 3821, 4041, 411 M, 446 M, 458 M,
500M, 534 M

Water quality standards: 080 /, 081 M, 085S, 090M, 1001, 127 M,
1451, 1781, 185M, 259 M, 303M, 315M, 316 M, 324 M, 340M,
355 M, 379 M, 392M, 416 M, 4531, 459 M, 527 M

Water reuse. 003M, CO5M, 056 M, 059 M, 065M, 0731, 108 M, 111 M,
115M, 158 M, 1601, 161 M, 165M, 172 M, 173M, 175M, 1781,
185M, 208 M, 210S, 211 M, 213 M, 216 M, 218 M, 2211, 223 M,
229M, 231 M, 232 M, 236 M, 240M, 252 M, 254 M, 260 M, 2611,
263 M, 265M, 274 M, 2841, 294 M, 296 M, 300M, 302M, 303M,
316 M, 321 M, 323M, 324M, 328M, 331 M, 340M. 347 M, 36+ M,
372 M, 438M, 456 M, 478 M, 520M, 535 M

Winter storage 3011, 4211, 436 M, 471 M, 5241, 565 ¥

Wisconsin 0125, 1051, 1571, 1661, 168 I, 201 1. 2021, 262 M, 3091,
3301, 348 M
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SECTION |
ABSTRACTS PRIOR TO 1941

001S THE UTILIZATION OF SEWAGE SLUDGE AS FERTILIZER: A
REPORT OF THE COMMITTEE ON SEWAGE DISPOSAL APHA

Anonymous

Sewage Works J., 9:8671-912,1937.

Descriptors. Canada, United States, Ecorormic feasibility, Operation
and maintenance, Costs.

A comprehensive report resulting from a survey of sludge disposal
practices in the United States and Canada. Data were furnished by
State sanitary engineers, sewage works operaters, and municipal
officials. Discussed in connection with use of sludge as fertilizer are
soil fertilization, fertilizer value, use in mixed fertilizers, tonnage of
sludge ovailable, types of sludge, and comparisons of sludge from
different treatment processes. Results of sludge utilization on many
different crops arc presented ana general co.iclusions based on the
results of the survey are given

002M IRRICATION WITH SEWAGE
Anonymous
Eng. News-Rec , 121 821, 1935,

Descriptors. Texos, Raw sewage, Evopotranspiration, Flood
irrigaticn, Climotic date

A storage lake and land irrigation solved the sewage disposal probiem

at Kingsville, Texas. In this region of low rainfall and high evaporation,
suitable streams for the disposal of sewage cre practically nonexistent.
The distribution and disposal system is described. The storage lake
makes the system quite flexible. Disposal operations continue even

when irrig.tion (s not in orogress

-
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003M BIOFILTRATION EFFLUENT USED FOR IRRICGATION AT
SANTA PAULA

Anonymous

Eng. News-Rec., 125:834, 1940.

Descriptors: California, Flood irrigation, Water reuse.

Effluent from a biofiltration sewage treatment plant serving 12,000
residents in Santa Paula, California, is used to irrigate orchard
lands adjacent to that city. The city is proud of its attractive and
useful plant which is capable of converting sewage into irrigation
water.

004 M SEWERAGE AND SEWAGE PURIFICATION, 2nd ed.
Baker, M. M.
New York, D. Van Nostrand Company, 1905. 153 p.

Descriptors: Raw sewage, Economic feasibility, Soil physical
properties, Flood irrigation.

The author devotes five pages to the subject of "Broad Irrigation or
Sewage Farming." He states that the biggest problem is the need for
land, about an acre per 100 people. Both price and availability of land
are obstacles, as well as soil type. Soil should be fairly light and
porous--wet, cloying soil can be used sometimes, and cultivation with
sewage can improve its characteristics. The use of sewage for irriga-
tion also has political and economic problems and the method of sewage
irrigation is best suited for arid regions

005 M EFFECT ON ANIMAL HEALTH OF FEEDING SFWAGE
Crawford, A. B., and A. H. Frank
Civil Eng. _12 495-496, 1941,

Descriptors: Pathogenic bacteria, Animal diseases, Coliforms,
Water reuse, Raw sewage.

A study was conducted at the U. S. Department of Agriculture's
Beltsville Research Center in which swine and cattle remained

in good condition afier a severe six-month feeding period including
raw sewage, treatment pluat effluent, and sludge. This study
concluded that virulent bacterio were not present in sufficient
concentration in the incoming sewage, effluent, or sludge of

this sewage treatment plant to cause disease in susceptible
animals. These test animals were subjected to a more severe
exposure to effluent than would normally be expected to occur
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006 S ADAPTABILITY OF SEWAGE SLUDGE AS A FERTILIZER
DeTurk, E. E.
Sewage Works J., 7:597-610, July 1335.

Descriptors: Fertilizer value, Ancerobic digestion, Economic
feasibility, Soil chemical properties Reviews.

A significant historical review of sewage utilization is made. Comparisons .
of chemica! composition and fertilizer value are made between sludge
produced by the activated sludge prccess and digested or Imhoff sludge.
Digested sludge is also compared to arm manure. Methods of sludge
utilization are discussed. Future development of sludge-processirig

methods may well result in the prod. ction of sludge with increased

fertilizer value. Even though sludge may be fow in fertilizer value, its
organic content should not be cverlouked as a soii-conditioninr agent.

007 M TREATMENT REQUIRED FOR SEWAGE REUSED FOR IRRIGATION
PURPOSES

Diehi, Paul A.

Sewage Works J., 8:502-503, Augus? 1536.

Descriptors: Texas, Primary effluent, Furrow ‘rrigation, Vegetable
crops, Disinfection. :

About 100 cities, most of which are i,y California and Texas, use sewage
for irrigation purposes. Oil and grease should be removed, as well as all
solids that might settle out in the irrigation ditches. For use on garden
crops, the sewage should be sterilized and filtered.

008 M SEWAGE DISPOSAL BY IRRIGATION

Eddy, Harrison, and Leonard Metcalf

In: “American Sewerage Practice Vol. Ill, 3rd ed., New York, McGrow-
Hill, 1935. Chap. 9, p. 233-252.

Descriptors: Reviews, 50il physical properties, Soil chemical
nroperties, Rates of application.

The physical, chemical and biological processes of the soil in treating
sewage effluent have been widely used. Initial settling is preferred to
prevent clogging of the soil and rates of 18 feet per year have been
recorded. Examples of sewage farms in Europe and America are given.
In 1910, Berlin had over 43,000 acres in use for sewage disposal.
Pasadena had its farm in use since i337.
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009 M EXPERIENCES WITH SEWAGE FARMING IN SOUTHWEST UNITED
STATES

Ehlers, V. M., F. C. Roberts, Jr., and E. A, Reinke

Amer. J. Pub. Health, 25:119-127, 1935. Abstr., Sewage Works J.,

7: 320-322.

Descriptors: Southwest U. S., Economic feasibility, Operation and
maintenance, Costs, Public health regulations.

This articie discusses the sewage disposal (using land systems) problems
and advantages in three states: Texas, Arizona, and California. The
article discusses the cost of the systems, the length of operation, the

type of crops which were grown, and the revenue from them. Suggestions
were given by Texas engineers. All data necessary was given for the
Stete of Arizona including rainfaell, temperature, population, average
sewage flow, average type of sewage, etc. Ways of dispelling odors

were discussed. Health aspects, danger of polluting groundwater,
previous treatment and cop yields were discussed to a great extent.

A great deal was said about California's health laws (as to what crops
could be fegally irrigated with sewage water and the type of sewage

that could be used) and their effect on the number of land systems used.

010 M SIMPLE APPLICATIONS OF FUNDAMENTAL PRINCIPLES OF
SEWAGE TREATMENT

Gillespie, C. G.

Sewage Works J., 1:68-69, 1928.

Descriptors. California, Primary effluent, Rates of application,
Soii physical properties, Costs.

The author describes two cases where expensive disposal alternates
were avoided by conversion to land application. At Carmel, California
a flow of 0.05 mgd from a septic tank wes diverted to 3,000 sq ft of
send beds. The coarse sand (0.3 mm effective size) is raked after .
inundation for a week and no ponding develops. At Vacaville, Cali-
fornia 0. 125 mgd of septic tank effluent was passed over a field of heavy
clay prior to ponding. The 8 acre field was graded to a 1 percent slope
and g thick stand of grass grew immediately. Only about 10 percent of
the effluent applied over 8 months appeared as runoff.

4
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011 M 'SEWAGE IRRIGATION IN TEXAS
Goodwin, Earl H.
Pub. Works, 66: 23-24, March 1935.

Descriptors: San Antonio, Texas, Primary effluent, Soil types, Flood
irrigatior;, Grain crops.

Since 1900, San Antonio has utilized a part of its sewage effluent to
irrigate up to 3500 acres. At present, about 47 plants in Texas use
irrigation as a means of treatment and disposal. Spray, border, and
furrow methods are used to irrigate grains, grasses, cotton, alfalfa,
nuts, and citrus. Porous sandy soils seem to be most suitable. Care-
ful supervision is required so that soil type and crops form a compatible
combinaiion for the efficient utilization of the effluent.

012S SEWAGE SLUDGE AS A FERTILIZER
Harper, Horace J.
Sewage Works J., 3:683-687, 1931.

Descriptors: Milwaukee, Wisconsin, Anaerobic digestion, Fertilizer
value, Nutrient removal, Microbial degradation.

Fertilizing value of sewage sludge depends upon its source and the
sewage treatment process. The nitrogen content may be quite different
for sludges obtained from Imhoff tank and activated sludge processes.
Activated sludge may contain 5 to 6 percent total nitrogen, with total
phosphoric acid content of approximately 3 percent. Sludge from
Imhoff tanks seldom contains more than 2.5 percent nitrogen and 2
percent phosphoric acid.

Cites the city of Milwaukee's experience with "Milorganite" produced
from activated sludge and several experiments concerned with fertilizer
value of sludge. Liquid sludge has considerably more fertilizer value
than dried sludge since much of the nutrient content drains away in the

drying process.

013M SEWAGE IRRIGATION AS A METHOD OF DISPOSAL

Harrell, Riley B.
In: Proc. 21st Tex. Water Works Sewerage Short Sch., December 1939.

p. 121-123. Abstr., Sewage Works J., 12 1019, 1940.

Descriptors: Texas, Primary effluent, Flood irrigation, Fiber crops.

32




The author describes sewage irrigation as practiced by the city of
Munday, Texas. Use of row crops is recommended for better weed
control. Cotton is most satisfactory crop. In 1934, 24 acres of irri-
gated land produced 23 bales of cotton. Dry land produced less than
one-third bale per acre of poorer quality cotton. Serious problem of
effluent disposal has been solved by irrigation.

074 M SEWAGE IRRIGATION AS PRACTICED IN THE WESTERN STATES
Hutchins, W. A.
U.S. Dept. Agr. Tech. Bull. 675, Washington, D.C., March 7939. 60 p.

Descriptors: Southwest U.S., Flood irrigatior Surveys, Soil
physical properties, Soil types.

A survey was conducted in 1934 and 1935 and rechecked in 71937 on 125
sites in 15 western states where irrigation with sewage was being prac-
ticed. For the 113 sites in which sewage irrigation was continuing in
71937, factors discussed included crops irrigated, ot nership and opera-
tion, public health regulations, salts in the effluent, sewage water rights,
and economic feasibility of sewage irrigation. Other factors included
soil types (predominantly higher soils), proximity of dwellings, effects
on the soil, and long term environmental effects. For the 12 sites where
irrigation was discontinued, reasons were given for discontinuance,
including unsuitable soil, limited lands, availability of substitute water
supplies, change in location of treatment plants, and unsatisfactory
menagement. ’

015M SEWAGE DISPOSAL PRACTICE IN EUROPE
Hyde, C. G.
West. Constr. News, 4:345-352, July 1929.

Descriptors: Europe, Primary effluent, Furrow irrigation, Reviews.

The author reports on inspection tour of 28 sewage treatment plants in
Great Britain and Germany. The treatment processes observed are
described. A number of plants employed "broad irrigation " as a means
of treatment. The sewage of Berlin, Paris, and Milan is used to irrigate
crops.




016 M THE BEAUTIFICATION AND IRRIGATION OF GOLDEN GATFE
PARK WITH ACTIVATD SLUDGE EFFLUENT

Hyde, Charles

Sewage Works J., 9:929-941, November 1957.

Descriptors: San Francisco, California, Public acceptance,
Climatic data, Greenbelts, Sprinkler irrigation.

Lack of available fresh water caused San Francisco to turn to other
sources for park irrigation. At first raw sewage was used, but with
development of the area came complaints and a search for new sources
of water. The water is from the sewage of chout 10-15, 090 people and
amounts to about 500,000 gpd, and undergoes activated sludge treatment
and chlorination. Average rainfall in the area is 22 inches, 85 percerit
of which falls from November to March. The average temperature is 56°,
ranging from 68° in September to 45° in January.

077M TREATMENT ON NATURAL SO!L

Imhoff, Karl, and Gordon Fair

In: Sewage Treatment, New York, John Wiley and Soris, Inc., 1940.
Chap. 7, p. 168-118.

Descriptors: Economic feasibility, Rates of application, Soil tvpes,
Organic Icading, United States.

When land is available cheaply, land treatment of sewage can be
economical. Rates of application vary from 750 gpd per acre to
24,000 gpd per acre, depending on the soil type, cover crop, and
land use. Use of sand beds with secondary effluent can take
loadings of 800,000 gpd per acre.

0718 M UTILIZATION OF DOMESTIC SEWAGE AND INDUSTRIAL WASTES
BY BROAD IRRIGATION

Kreuz, C. A.

Sewage Works J., 8:348-349, March 1336.

Descriptors: Forage crops, Flood irrigation, Costs, Odor, Reviews.
The author discussed the use of sewage for agricultural purposes. He
suggested that, in order to prod.ce maximum yield of agricultural prod-

ucts the sewage from as many as 80 inhabitants can be distributed on an
acre, if the grass is cut three or four times, and the sewage evenly
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distributed over the year. The fertilizing constituents can be used to
greatest advantage when the sewage is artificially sprinkled but this
method has the highest operating cost and requires the largest amount

of land.

Two methods of irrigation are discussed. In ordinary broad irrigation,
land is divided into areas about 1.25 acres in size. The disadvantages
are: the use of agricultural machinery is difficult; smoothing of the
surface is expensive, too much of the land is used for roads, dikes and
ditches; cultivation of cereals has not proved satisfactory: and odors
during the summer cannot be entirely avoided.

In another method of irrigation, the water is held on plots of land 6 to
30 acres in size by dikes about 20 inches high. These plots are covered
with sewage to a depth of 8 to 12 inches and allowed to stand from 3 to

6 days in summer and about a week in winter. The water remaining
after that time is drained off through ditches. The distribution of land
with at least a two percent slope has also preved very satisfactory.

019S  USE OF SLUDGE AS FERTILIZER
Maloy, Thomas P.
Sewage Works J., 3: 485-487, July 1931.

Descriptors: Anaerobic digestion, Soil ph ysical properties,
Fertilizer value. )

Sludge does not have the high fertilizing value of commercial fertilizers.
Experiments indicated that it is very effective in improving the physical
condition of the soil: "Where the ground was hard and compact before,
it is now soft and resilient. It has a certain amount of spring to it."
uThe whole texture of the soil was improved and made more pliable.”

020 M SEWAGE TREATMENT FOR OBTAINING PARK IRRIGATING WATER

McQueen, Frank
Pub. Works, 64: 16-17, 1934. Abstr., Sewage Works J., 6 145-146.

Descriptors: San Francisco, California, Greenbelts, Sprinkler
irrigation, Odor, Costs.

Golden Gate Park (1,013 acres), San Francisco, was originally irrigated
with sewage from an outfall sewer traversing the park. This was soon
discontinued because of objectionable odors. The purchase of potable
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water proved too costly. A new sewage treatment plant, completed in
1932 and employing the activated-sludge process, supplies 1 mgd for
irrigation of the Park. The water is clear, odorless, and completely
satisfactory for the purpose. Odors and susgended matter are so
completely removed that the excess plant effluent is used for lakes and
waterfalls.

021 M SEWERAGE ANb SEWAGE DISPOSAL
Metcalf, Leonard, and Harrison P. Eddy
New York, McGraw-Hill, 1922. 598 p.

Descriptors: Europe, Clogging (s0il], Reviews, Flood irrigation,
United States.

Part of this textbook describes sewage irrigation in Britain, France,
Germany and the U.S. Although sewage does have valuable fertilizer
value, it is most valuable for its water content, as sewage is 99.9 per-
cent water. Unfortunately, sewage also contains fat and soap which are
harmful to land, causing clogging of the soil. This condition can be
overcome with the use of screening and secimentation before application
to the land. Sewage irrigation in the U.5. has not been used on a large
scale, but numerous small-scale operations have been used for many
years around the country, especially in Souihern California. Although
satisfactory, none of the operations has been an unqualified success.
One city, San Antonio; Texas, is described as having a system which
pumps the scwage 12 miles from the city to ¢ 6, 700-acre privately owned
tract.

022 M SEWAGE FARM DISPLACES FILTER BEDS AT VINELAND, N.J.
Mitchell, George A.
Eng. News-Rec., 104:65, January 1930.

Descriptors: Vineland, New Jersey, Primary effluent, Vegetable crops,
Furrow irrigyation.

Vineiand was one of the first cities to adopt sewage irrigation of crops
as a means of disposal. The raw sewage wcs piped a distance of 2.5
miles to a sandy area where a settling tank and sludge-drying beds
were built. The effluent was used to irrigace 50 acres of recently

cleared river sand. The second year produced good yields of sweet
potatoes,giezc rn, eggplant, and rhubcrkt on this previously sterile

soil with t se | f no fertilizer except sewage.

-
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023 M OBSERVATIONS ON SEWAGE FARMING IN EURCPE

Mitchell, George A.
Eng. News-Rec., 106: 66-69, January 1931.

Descriptors: Europe, Raw sewage, Soil types, Flood irrigation,
Public health regulations.

Sewcge farms were visited in Berlin and other German cities, Paris,
Moscow, Edinburgh, and four towns in England. Some of the cities of
Germany have used this form of sewage disposal for over 69 years, and
very successfully. Cases are cited where very poor sandy land has
been converted to good, productive farmland by sewage irrigation.
Details of sewage farm operations at Berlin, Paris, and Moscow are
given. In England, sewage irrigation of crops is decreasing due to
growth of cities, and because suitable areas for expansion of the farms
are difficult to find. Tighter, less sandy soils than on the continent
require larger areas for suitable sewage farming practices. Experi-
ence has shown that sewage farming poses no serious threat to the
public health.

024S SLUDGE DISPOSAL AT A SEWAGE IRRIGATION FARM

Mitchell, George A.
Eng. News-Rec., 107:57, July 193171.

Descriptors: \'neland, New Jersey, Soil types, Sludge disposal, Odor.

The author describes a method of disposing of sludge-bearing sewage as
practiced at Vineland, New Jersey. The sludge is pumped onto a field
prepared with deep furrows. Immediately upon drying, the sludge is
plowed under, and the field prepared to receive another sludge treat-
ment. Once the sludge is plowed under, odor and insect nuisarices are
eliminated. The surface soil proved to be dn excellent purifier.

025 M MUNICIPAL SEWAGE IRRIGATION

Mitchell, George A.
Eng. News-Rec., 119: 63-66, July 1937.

Descriptors: Vineland, New Jersey, Flood irrigation, Soil physical
properties, Costs, Operation gnd maintenance.

A sewage irrigation farm in use since 1928 at Vineland, New Jersey,
provides disposal facilities for a population of 8,000 and aids crop pro-
duction in poor soil. A detailed description of the operating methods is
given. Distribution system details include land slope und flow, land
preparation, and crops grown. Revenue and cost data are included.
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026 S THE VALUE OF RAW SEWAGE SLUDGE AS FERTILIZER
Mulier, J. F.
Soil Sci., 28:423-432, 1929.

Descriptors: Fertilizer value, Soil physical properties, Soil types,
Flood irrigation, Nitrification.

Several samples of dried fresh sewage sludge were antlyzed, and pot
experiments carried out to determine the fertilizer vélue of such material.
The analyses showed counsiderable potential plant food is present. The
carbon-nitrogen ratio was narrowed to helow eight by the addition of
available nitrogen, markedly increasing, the fertilizer value of the sludge.
A phosphate supplement appears to be necessary for good plant growth;
and a potash supplement, in small quantities, seems desirable. The
dried sludge alone, with no mineral supplements, when applied to turf
grown on sand gave a good stand of grass and prevented its dying off.
Dried fresh sludge applied to a sandy soil materially increased its water-
holding capacity, a most desirable result on soils of this type. Although
the experiments reported did not indicate a need for using lime with the
sludge, lime almost certainly would be required after several years'
continuous sludge application.

027 M SEWAGE IRRIGATION AS A METHOD OF DISPOSAL

Peurifoy, R. L. ) '

In: Proc. 21st Tex. Water Works Sewerage Short Sch., December 1939.
p. 115-121. Abstr., Sewage Works J., 12: 1018-1019.

Descriptors: Texas, Flood irrigation, Operation and maintencnce,
Wastewater disposal, Soil physical properties.

Constituents in sewage that are beneficial to soil are listed, as well as
certain others that are objectionable. Results of irrigation with sewage
at Kingsville, Texas are described. Methods of application are varied.
Condition of subsoil, as well as texiure of surface layer, are important
considerations. Reservoir for storage of at least three months'’ supply
is recommended.

Sewage disposal by irrigation is safe, effective, and economical. Cities
should seriously consider irrigation as a possible method of disposal.
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028 M SEWAGE PURIFICATION IN THE PARISIAN AREA. CONSTRUCTION
OF A BIOLOGICAL TREATMENT WORKS AT ACHERES

Pouquet, F.

Trauvaux (Paris), 79:87-95, March 1938. Abstr., Sewage Works J.,

11:719-720, July 1939.

' Descriptors: France, Raw sewage, Rates of application, Activated
sludge effluents, Flood irrigation.

A network of sewers is under construction which will terminate in the
agricultural area of Acheres. Sewage of Paris is presently spread on
farms in four different regions, at an aver age rate of 132 mgd. Future
growth estimates predict increased volume to as much as 634 mgd. Due
to limited areas for expanding farm operations, biological treatment is
being planned to take -are of excess flow. Sewage irrigation has proved
satisfactory. Liquid sludge from the new activated sludge treatment plant
will be disposed of on farmlands. g

029 M SEWAGE IRRIGATION

Rafter, George W.

U.S. Geol. Surv. Water-Supply Pap. 3, Washington, D.C., 1897.
100 p.

Descriptors: United States, Reviews, Human diseases, Public health
regulations, Opergtion and maintenance.

The author presents the method of sewage irrigation as a method which is
not new. His purpose is to point out to American farmers and to municipo/
authorities the benefits of this use of sewage. It is especially useful in
the arid West and has been used in Cheyenne, Wyoming since 1883, and
is in use at about 60 installations in the U.S. Problems of disease are
described as minimal with proper care, and crops fit for human consump-
tion can be grown. Descriptions are given of various methods of sewage
irrigation along with descriptions of foreign operations in Germany,
France and England.

030 M SALVAGE OF SEWAGE STUDIES

Rawn, A. M.
Civil Eng., 4: 471-472, 7934.

Descriptors: United States, Surveys, Public health regulations,
Raw sewage, Flood irrigation.




A report of the ASCE Joint Committee of the Sanitary Engineering and
Irrigation Division, based on questionnaires mailed tc Public Health
Directors of the 48 states and the District of Columbia, to learn the
extent of sewage use for irrigation in each of the states, the influence
of such use on public health, and the standards that should be pre-
scribed and enforced if water and fertilizer reclaimed from sewage are
to be used in the production of foodstuifs to be eaten raw, to be cooked,
to be used as fodder crops, or to be used in the irrigation or fertiliza-
ticn of public grounds.

Nine of the forty states responding acknowledged experience with sewage
irrigation. Four claimed illnesses could be traced directly to such use;
one claimed cattle pastured on raw sewage-irrigated fields developed
poorly and were infected with a disease that rendered the meat unfit for -
human consumption.

Others indicated no difficulﬁl, probably because of the manner of irriga-
tion and the nature of the crops grown. Many of the states without experi-
ence indicated that such practice would be prohibited in any form on
vegetables or fruits to be eaten raw. The majority expressed a willing-
ness to allow its use on fodder crops or on lawns and parks.

Other results of the survey are also discussed.

0311 THE PREVENTION OF ODOR NUISANCE IN THE DISPOSAL OF
CREAMERY WASTES BY TREATMENT WITH CHLORINE
PRELIMINARY TO BROAD IRRIGATION

Reinke, E. A. -~ .

Sewage Works J., 1:128-132, January. 1928.

Descriptors: California, furrow irrigation, Odor, Costs, Organic
loading. '

A creamery in Wasco, California, was disposirfig of 125, 000 gpd by ridge
and furrow irrigation. Despite a moderate I6ading of 8,000 gpd odors
were being produced. Chlorination of the wastewater with a dosage of
20 mg/! prior to irrigation relieved the odor problems without. detrimental
effects on the corn crop. Chlorination raised the cost of disposal oy
$1.50 per day to $7.15 per day.
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032 M IRRIGATION WITH SEWAGE EFFLUENTS
Riney, W. A.
Sewage Werks J., 1:108, 1926.

Descriptors. Abilene, Texas, Primary effluent, Furrow irrigation.

Abilene, Texas, disposes of effluent from septic tanks by contracting
with farmers to use the effluent for irrigation of row crops.

033 S SEWAGE SLUDGE AS FERTILIZER
RuuJolfs, Willem
Soil Sci., 26: 455-458. 1928.

Descriptors Anagerobic digestion, Aerobic digestion, Fertilizer
volue

The nitrogen content of sewage sludge varies with the type of treatment.
Aerobically and ancerobically treated sewage sludges contain about 5
and 2. 25 percent nitrogen, respectively. Only one sewage treatment
plant markets its sludge on a large scale; at a number of places the
sewage sludge is> given away or sold for a small nominal stim. An
estimated 150,000 to 200,000 tons of nitrogen are lost anr.ually. Analy-
sis of sludges from a number cf sewage plants indicates that 8, 000 to
19,000 tons nitrogen per y 2ar could b saved.

034S  SLUDGE DISPOSAL ANU FUTURE TRENDS
Riidolfs, Willem, and E. J. Cleary
Sewage Works J., = 409-428, May 1933.

Descriptors. Reviews, Economic feasibility, Human diseases,
Sludge disposal, Fertiiizer valte.

Present methods of sludge handling and disposal are discussed. The need
for further development is stressed. Sludge as a fertilizer is discussed
from the standpoint of fertilizing value, preparation of fertilizer, and
economic and hygienic conside ations. Fertilizer production may be
profitabie only for the large piants. Small plants usually must dispose

of studge material locally a< c market develops. Dewatering an
incineration offer promise as a means of ultimate disposal.




0355 SEWAGE SLUDGE AS FERTILIZER
Skinner, John F.
Sewage Works J , 4 279-282, March 1932

Descriptors New York, Operation and maintencnce, CLosls,
Vegetable crops, Fertilizer value

Sludge from four Imhoff tanks at Rochester, New York is utilized as ferti-
lizer for gardens, shrubs, lewns, and local farm crops  Details of the
operation are described, and sules data are shovn. Liquid sludge hus
_much greater nutrient value than dried sludge. Consideration is given
to dispensing liquid sludge thus eliminating cost of constructing and
operating dryirg beds.

CooM EFFECT OF IRRIGATION WITH SEWAGE EFFLUENT ON THE
YIELDS AND ESTABLISHMENT OF NAPIER GRASS AND
JAPANESE CANE

Stokes., W E., W A Leuke!, ecnd R " Barnette

Agron J . 22 549-54& 1930

Descriptors: Septic tenks, Nitrification, Fio wrrigation ., Soil
chemical properties, Fcrage Creps

Septic tank effluent wcs used to irrigate forage crop plants for four years.
Yields were higher from the sewage-irrigated plots than from nonirrigated
ond the city water-irrigated plots. Analyses or typical sewage effluent
showed the presence of consicerable quantities of nitrogen con pounds
Analyses of sotl fellowing trrigotior showed only slight increases ir
nitrogen content

037 S PLRLIC HEALTH SIGCNEICANCE ©F SEWACE SLUDCE WHE™
SEUAS AFERTILVER

Tanner. Fred W

Sewage Works J , 7 =71 el Julu 7835

Descriptors. Siudge disposal, Pathogeric bacteria, Vegetabl:
crops, Human diseases, Public Foalth requlations

The application of » *qe sludqge o soil on which vegetables, vhich o 0y
be eaten raw, are grown should be practiced with caution Wale longev-
ity of pa'~ogenic bacteria mn sludge would probably be greati - influenced
by the nature of the siudue und the conditions under which 1t 1s stored
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and handled, sufficient data have been recorded to indicate the presence
of viable Bacterium typhosum cells in sludge. At best, the sludge should
be added to the soil in the late fall, winter, or early spring. #Nolman 's
advice, probably sound, is that sludge not be added to growing crops.
Sanitary districts and others concerned with the sale of sewage sludge

to farmers might well consider the health hazards itnvolved.

038S THE ECONOMIC PREPARATION AND SALL "F NI"ESTED SLUDGE
AS COMMERCIAL FERTILIZER

Tatlock, M. W.

Sewage Works J., 4:519-524, 1932.

Descriptors: Ohio, Economic feasibility, Costs, Anaercbic digestion,
Operation and maintenance.

The author describes in detail the operation of the Dayton, Ohio sewage
treatment plant. Cost of operation and income from saies are given.
Resuits show promise Sludge can be successfully marketed

039 M THE USE OF 3EWAGE EFFLUENTS IN AGRICUL TURE
Veatch. N. T , Jr.

in: Modern Sewage Disposal, Pearse. L. (ed.), New York, Fed.
Sewage Works Ass., 1938. Char. 16, p. 130-190.

Descriptors United States, Spray dispesal, Economic feazibility,
Costs, Fertilizer value, Rates of application.

Sewage effluent by irrigation wos found to be used by at least 115 cities
for reasons of economy anc for crop benefits. Three examples of sevage
effiuent are given gt cccts of aboui $10.0C per mg (1935 costs). The
fertilizer value of the effluent is emphasized, along with the importance
of usina scient:fic methods of choosing sites and loading -ates.

050 M INVESTICATIONS ON THE PURIFICATION OF BOSTON SEWAGE
Winsiow, C E A ,ond E. B Phelps
{ S Geoi Suryv Water-Supply Pep. 185, Washington, D C , 1906 163p

Descriptors  United 5t :ies, Croundwater recharge, Wastewater
disposc! Oracnic loc..rg. Europc




One method of sewage disposal consists of distributing the sewage over
broad Greas and allowing the liquid to recharge the groundwater. The
method has been widely used in Eu-ope since the sixteenth century. Con-
ditions for "sewage farming" are specially favorable in the arid portions
of the westerrn United States. Planrs in Utah, California, Wyoming are
mentioned. In areas selected for s+wage application, the soil should be
light and the subsoil sandy or gra\ /iy to obtain suitable recharge rates.
Recharge rates in England range b.iwcen 0. 006 and 0. 046 feet per day,
and in Germany between 0.006 and 0. 021 feet per day.

041 M CALIFORNIA REGULATES !'SE OF SEWAGE ON CROP LAND
Wright, C. T.
Sewage Works /., 6:162. January (934,

Descriptors. California, Public }. oltk regulations, Sludge dispesal,
Wastewater disposal.

Under California's public health act, the disposal of sewage, sewage
effluent or sludge for irrigation or fertilizing purposes is permitted only
to those who hold a permit issued by the State Board of Public Health, and
subject to regulations adopted by that board on May 27, 1933. These
regulations are discussed.




SECTION 11

ABSTRACTS 1941 THRU 1950

042 M GRAZING OF CATTLE CN SEWAGE FARMS AND DISPOSAL WORKS

Abbot, A. L.
Pub. Health (S. Africa), p. 76-88, March 1948. Abstr., Sewage Works J.,

21:185-186, January 1949.

Descriptors: Flood irrigation, Human diseases, Economic feasibility,
Forage crops, Soil contamination.

Quoting from the abstract: "It is the consensus that consumption of
sewage effluents by cattle has no harmful effect on milk production or
disease incidence, and introduces no possibility of milk comtamination
except indirectly from unhygienic dairy procedures. T'he positive
advantages of irrigating grazing land w.th sewage include utilization

of valuable fertilizing material and irrigating water as well as providing
a satisfactory sewage disposal method that produces revenue to partially
offset sewage works costs. "

Procedures followed at the Cape Town sewage works are given.

0431 SOME RIGHTS AND WRONGS OF CANNERY WASTE TREATMENT
Allison, Claire, and Christian Subert
Water Sewage Works, 95:227-230, June 1948.

Descriptors: Pennsylvania, Wastewater treatment, Ancerobic conditions,
Spray disposai, Oxidation lagoons .

After screening and settling, wastes from a Hanover, Pennsylvania,

cannery are piced to lagoons. Soda ash and sodium nitrate are added
to prevent anaerobic decomposition in the lagoons. The water is then
piped to fields where it is successfully used as spray irrigation water
throughout the entire year.




o44M EFFECT OF MICROORGANISMS ON PERMEABILITY OF SOIL
UNDER PROLONGED SUBMERGENCE .
Allison, L. E.
Soil Sci., 63:439-450, 1947.
~
Descriptors: Clogging (soil}, Soil microbiology, Soil physical properties,
Deep percolation.

The permeability of continuously submerged soils usually decreases
slightly at first and then increases appreciably as the entrapped air

is removed by solution in the percolate. Subsequently, a large reduc-
tion in permeability occurs until the soil virtually seals up.

Sterile permeability tests conducted to determine the cause of decreased
permeability under prolonged submergence gave no evidence of soil
aggregate breakdown due to purely physical causes. The reduted
permecbility appears to be due entirely to microbial sealing. The soil
pores rrobably become clogged with the products of growth, cells,
slimes or polysaccharides. If any of the observed reduction in
permeability was due in part to disintegration of soil aggregates, the
dispersion is believed t5 be due tfo biological causes, that is, the

attack of micrcorganisms on the o-ganic materials which bind soil

into aggregates.

045 M COMBINING OLD AND NEW IN SEWAGE DISPOSAL
Anonymous
Eng. News-Rec., 126:811-812, 1941.

Descriptors: Bakersfield, California, Suspended solids, Flood
irrigation, Forage crops, Tertiary treatment.

Using u recently developed flocculation-clarifier unit, which gives
high efficiency in the removal of suspended solids, the City of
Bakersfield, California supplements this pretreatment of its sewage
with irrigation of 600 acres of pasture land.

046 M SEWAGE FARMING AT TUCSON
Anonymous
Sewage Works J., 18:1211, Nevember 1946.

Descriptors: Primary effluent, Rates of application, Tucson, Arizona,
Grain crops.
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Average of flow of 4 mgd is used to irrigate about 300 acres of city-
owned land with primary treatment effluent. Crops of oats, barley,
ensilage are rotated on the land.

047 1 DISPOSAL OF CANNING PLANT WASTES BY IRRIGATION
Bolton, P. .

In: Proc. 3rd Ind. Waste Conf., Purdue Univ., Lafayette, Ind., 1947.
p. 272-281.

Descriptors: Food processing wastes, Furrow irrigation, lowa, Soil
types, Rates of applicaticn.

Two systems disposing of cannery westewater by ridge and furrow =
irrigation are described. At Hampton, lowa, a soil system consisting
of 6 feet of silt loam has been in operation since 1934. Loadings are
134, 000 gad of wastewater and 660 Ib BOD/acre/day.

At Waverly, lowa, the soil system consists of a medium black friable
loam, underlain with limestone that arises at some points to within a
few feet of the surface. The liquid loading is 96,300 gad and the solids
loading is 1,040 Ib/acre/day.

0481 GRAPE STILLAGE DISPOSAL BY INTERMITTENT IRRIGA TION
Coast Laboratories
San Francisco, Calif., Prepared for the Wine institute, June 1947.

Descriptors: Flood irrigation, Rates of application, Anaerobic digestion,
Soil types.

Stillage from conventional stills should be spread on land at a rate of
100,000 gad followed by a 6 day drying period. This results in @
recommended loading rate of 3.7 in./wk. About twice as much drying
time is required for stillage from pomace stills, therefore a loading
rate of 1.8 in./wk s recommended. Soil on which untreated stillage
is applied may be temporarily toxic to plants due to ferrous ion salts,
acetates, and other products of anaerobic digestion. During exper-
iments conducted to establish the foregoing criteria, loadings of
78,400 gad were used for 54 days on sandy loam soil. Thus a 5.5
sajety factor is ‘sed in the recommended 14,300 gad loading.
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049S  LIQUID SLUDGE - THE VITAMIN B FERTILIZER
Damoose, N.
Sewage Works Eng., 12:308-312, 1941.

Descriptors: Michigan, Greenbelts, Odor, Public acceptance,

Sludge disposal.'

The sale of liquid sludge has been promoted at Battle Creek, Michigan.
After successful trials on the plant grounds, a truck was fitted with

a 600-gallon tank for delivery of liquid digested sludge to the public.
Use of this material on lawns produced "astounding” results. Odor
and appearance nuisances were overcome by wetting down with
sprinklers following application. In addition to the plant food value,
the author believes Vitamin B plays an important role and discusses
this in some detail.

050S EXPERIENCE OF CHICAGO, ILL., IN THE PREPARATION OF
FERTILIZER

Dundas, William A., and C. P. McLaughlin

Amer. Soc. Civil Eng., J. Sanit. Eng. Div., 69:80-102, 1943.

Descriptors: Sludge disposal, Chicago, Illinois, Fertilizer value, Odor,
Design data.

In the sludge disposal of The Sanitary District of Chicago (Ill.) a method
has been worked out by a chain of experiments to dewater and heat dry
activated sludge for use as fertilizer material or for incineration. The
principles of design are indicated from the heat standpoint together with
the control of odors. A typical heat balance is presented, with a iscus-
sion of the relative merits of various fuels. At the Southwest Workis a
combination of power generation with heat drying has been succes ully

used.
\.__,

0511 INDUS'TRIAL WASTES--CANNING INDUSTRY
Eldridge, Edward F.
Ind. Eng. Chem., ig:679-624, 1947.

Descriptors: Food processing wastes, Costs, Wastewater disposal,
Opeiation and maintenance,
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Canners operate on a >casonal basis. Their wastes consist largely of
washings from the preparation of products for canning. Waste volume
and characteristics vary widely with the type of products packed. The
material in-the wastes consists largely of organic solids in suspension
which cause objectionable conditions when they decompose. Effective
screening should be a common practice with all cannery wastes. This
may be followed by chemical precipitation, sedimentation, biological
filtration, or lagocning, or a combination of these, depending upon the
degree of treatment necessary. The required treatment is established
by governmental agencies in each case.

Lagooning and irrigation are desirable, in that the method completely
eliminates stream rollution. Operating methods and cost figures are
presented.

c52M BACTERIAL CONTAMINATION OF TOMATOES GROWN IN
POLLUTED SOIL

Falk, L. L.

Amer. J. Pub. Health, 39:1338-1342, October 7949.

Descriptors: Coliforms, Soil contamination, Human diseases, Flood
irrigation, Rates of application.

The concentration of coliform bacteria on the surfaces of tomaltoes grown
in polluted soil indicated no abnormal gross contamination. Even when
sprayed with fecal suspensions, surface coliform counts were no greater
after one month than on control tomatoes. The failure to find Salmonella
cerro seven days dfter its applicction to growing tomatoes upholds the
Confention that organisms of fecal origin will not be present in sufficient
number to cause gross contamination. It is felt that tomatces grown on
soils receiving night soil or sewage sludge fertilization would yield fruit
which, if eaten raw, would not be likely vectors for the transmission of
human bacterial enteric diseases.

053 M LAND DISPOSAL OF SEWAGE
Gray, H. F., and W. O'Connell, Jr.
Sewage Works J., 16:729-740, April 1944.

Descriptors: California, Design data, Organic loading, Flood irrigation,
Rates of application.




Land application of sewage effluents can be done with different objectives.
If the objective is an agricultural operation, the loading rates should be
2,000 to 3,000 gpd per acre depending cn the crop. The area for irri-
gation should be planted to one crop and a second area for excess effluent
should be set aside. Three installations using municipal effluent in
California are described.

054 M AGRICULTURAL UTILIZATION OF DOMESTIC SEWAGE IN
EUROQPE AND U.S.A.

Halamek, Ferdinand

Bull. Czechoslovak Academy Agriculture (Prague), 22:396-402, 1948.

Biol. Abstr., 23:3092, 1949.

Descriptors: Europe, United States, Wastev.ater disposal, Operation
and maintenance, Legal aspects.

The present status of sewage irrigation and the utilization of fertilizing
ingredients in sewage and sewcge sludge in Europe and U.S.A. is
presented. Germany uses sewage irrigatio:. and often overlooks the
hygienic problem. In Britain the use of sewage as a fertilizer is decreasing.
In the U.S.A. sewage irrigation is practiceu only in the southwestern states
and, there, hygienic regulations are severe. Directions are given for
proper management of sewage irrigation.

055M LOS ANGELES CONSIDERS RECLAIMING SEWAGE WATER TO
RECHARGE UNDERGROUND BASINS

Hedger, Harold E.

Civil Eng., 20: 323-324, 1950.

Descriptors: Groundwater recharge, Deep percolation, Salinity, Water
quality data, Los Angeles, California.

Reclamation of wcstewater from sewage constitutes an important potential
source of water for spreading and recharge of underground basins. Exper-
imental tests have shown that the percolaied effluent is bacteriologically
safe within a depth of 7 feet from the ground surface. Irrespective of

the groundwater recharge, it is proposes <5 a means of creating a fresh-
water barrier to seawater encroachment.
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056 M SEWAGE RECLAMATION AT MELBOURNE, AUSTRALIA
Hyde, C. G.
Sewage Ind. Wastes, 22:1013-1015, August 1950.

Descriptors: Forage crops, Water reuse, Melbourne, Australia,
Climatic data.

Geological, climatic, and population statistics at Melbourne, Australia
are given. A descripticn of the sewage farm facilities is included. These
facilities handle an average load of 58 mgd. Grass filtration is used and
cattle are raised or fattened on the plots.

057S SEWAGE PLANT SELLS SLUDGE AND EFFLUENT
Jackson, Leon W.
Eng. News-Rec., 139 56-58, 1947.

Descriptors: California, Design data, Recycling nutrients, Trickling
filter effluent, Fertilizer value.

Trickling filters, 175 ft in diameter, feature the design of a new sewage
treatment plant for the city of Riverside, California. The plant is so
arranged that the entire flow through the plant is by gravity. Treated
effluent wi!l be used for irrigation purposes and dried sludge will be
sold for fertilizer. Complete design and engineering data for the new

plant are given.

058 M RECLAMATION OF WATER FROM SEWAGE AND INDUSTRIAL
WASTES IN LOS ANGELES COUNTY

Ludwig, Russell G.

Sewage Ind. Wastes, 22:289-295, March 1950.

Descriptors: Groundwater recharge, Odor, Los Angeles, California,
Wastewater treatment, Spreading basins.

Discusses the use of reclaimed waters for augmenting underground water
resources, including beneficial use for i..dustrial and agricultural purposes,
which indirectly aids in building up groundwater reserves by curtailing
existing draft on the underground basins. Excellent opportunities for
industrial use exist in Los Angeles County, and such projects are under
current study .
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The direct recharge of underground basins through the use of natural
sand filters seems especially significant for the following reasons:

I. The sand filters not only serve as the means of
recharge but also act as a final check on water
quality .

2. The vast undergound water storage basins are most
advantageously used in a storage capacity; thus,
they allow intermittent operation of reclamation
plants and at the same time maintain a firm water

supply.

3. Finally, water so returned to the underground can
be used for any beneficial purpose, including
domestic consumption.

659 M EFFECT OF SEWAGE WATER ON THE YIELD AND QUALITY
OF GRASSLAND
Maloch, M.
Sbornik Ceskoslovenske Akademie Aemedelskych (Prague), 19: 57-107,
1946. Abstr., Soils Fert., 13: 364(2021), 1950.

Descriptors: Salinity, Forage crops, Water reuse, Plant growth.

Application of sewage water for 3 years to grassland raised the hay yield
by 132.9 percent and the yield of crude protein by nearly 300 percent.
Additions of superphosphate, Ca and K salts to the sewage waters gave
even higher increases. There was evidence of residual action of N from
the sewage, and its effect in increasing the resistance of the grasses to
summer drought was very marked.

060M THE AGRICULTURAL USE OF SEWAGE

Muller, Wilhelm

Wasser Boden (Hamburg), p. 124, 1949. Abstr., Sewage Ind. Wastes,
22:589, April 1950.

Descriptors: Germany, Public health regulations, Water management
(applied), Pathogenic pacteria, Economic feasibility.

During recent years, the agricultural use of scwage has often been
discussed in Germany, with no final answer being reached on this
important question. Public health requires hygienic sewage disposal,
but local authorities alone cannot solve the problem. It is a task

for the state organization, especially in densely settled countries.
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Water conservation has become more important and water use must be
regulated. Within this water planning, sewage has its own part. In
particular, the agricultural use of sewage by different technical means
may appreciably increase a country 's productivity. For this purpose,
sewage must be fully treated and freed of pathogenic organisms.

The humus matter and the manure value of sewage should be used in
agriculture to compensate for the organic matter exported from the

country as food. Sewage disposal into the ocean only "manures" the
sea water. Treated sewage should be discharged into rivers only in

such volume as is necessary to manure the rivers for fishing industries.

061 M EMERGENCY LAND DISPOSAL OF SEWAGE
O'Connell, William J., Jr., and Harold Farnsworth Gray
Sewage Works J., 16:729-746, July 1944.

Descriptors: Design data, Operation and maintenance, Rates of
application, Odor, Climatic data.

The shifting of population during the war years brought on overcrowding
in certain localities and overloading of waste treatment and disposal
facilities. Land disposal should be considered as an emergency measure
where these conditions exist. At the same time, the authors feel that
land treatment or land disposal of sewage is legitimate, effective, practical,
and worthy of consideration, especially for smail cities in arid or semi-
arid regions. They point out the basic principles, adaptability, and
limitations, and present the fundamental factors in successful design

and operation. Land disposal may have as its primary purpose an
agricultural operation or a disposal operation. Over-irrigation must

be avoided. Intermittent application followed by cultivation is recom-
mended for good soil condition and weed control. If properly operated,
no appreciable odors should result from using a well-clarified effluent.

062 M A NOTE ON CONSUMPTION OF VEGETABLES GROWN ON
SEWAGE IRRIGATED LAND

Orenstein, A. J.

Sewage Works J., 20: 954-955, September 1348.

Descriptors: Raw sewage, Flood irrigation, Vegetable crops, Human
diseases.

This article relates the experience of two mine labor communities with
consumption of vegetables grown on sewage irrigated lands.




063S UTILIZATION OF SEWAGE SLUDGE AS FERTILIZER

Pearse, Langdon, and A. H. Niles, etal,

Fed. Sewage Works Ass., Champaign, Ill., Manual of Practice No. 2,
1946. 120 p.

Descriptors: Recycling nutrients, Bibliographies, Costs, Fertilizer value,
Human diseases.

The major topics in the manual are: Fertilizer Reguirements of Soils;
Fertilizer Characteristics of Sewage Sludge,; Effects of Sewage Treatment
Practices on Fertilizing Elements in Sludge; Processing Sludge for Use
as Fertilizer; Application of Sludge as Fertilizer; Hygienic Aspects of
Sludge Utilization as Fertilizer; Prices, Marketing, and Economic Con-
siderations. A closing chapter includes conclusions and recommenda-
tions reiative to sludge utilization. The bibliography contains 251
entries.

064M SALVAGE OF SEWAGE

Rawn, A. M., William E. Stanley, Earnest Boyce, R. F. Goudey, and
E. A. Reinke

Trans. Amer. Soc. Civil Eng., 107:1652-1687, 1942.

Descriptors: Raw sewage, forage crops, Recycling nutrients, Bibli-
ographies, Public health rgqulations.

This comprehensive reporg considers the salvage of products from
sewage: "Water, fertilizef, gas, grease, and such other materials
as may be separated from éewage in the treatment plant or elsewhere
and useds" Public Health considerations are listed as important
guidelines. Discussions cover the reclamation and use of water from
sewage, both for irrigation and industry, and the reclamation and
use of fertilizer from sewage. A bibliography with 65 entries is
inclided.

065M BLENDING OF SEWAGE EFFLUENT WITH NATURAL WATERS
PERMITS REUSE

Rawn, A. M.

Civil Eng., 20: 324-325, 373, 1950.

Descriptors: Water reuse, Public accepiance, Economic feasibility .
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Reclaiming water from sewage is not a new idea, the reuse of sewage 8
or effluent for agriculiure, industry, and other purposes has been
well established.

Water reclamation from sewage depends on sound engineering principies.
Public acceptance of unrestricted reuse of sewagé waters often depends
on the inclusion of a "natural™ purification process, such as blendi 3
with lake, river, or underground waters.

066 M NEW VIEWPOINTS ON THE ACRICULTURAL UTILIZATION OF
SEWAGE

Reinhoid, F.

Gesundh. Ing. (Munich), €9:296-302, 1948. Pub. Health Abstr., 31" 545.

Descriptors: Ec ...~ ic feasibiiity, Vegetable crops, Humscn diseases,
Flood irrigation, irrigation.

Studies were made to determine the relative fertilizing value of settled

and biolcgically treated sewage. It wes found that treatment improved

the availability of nutrient materials other than nitrogen, and it also

increased the forme* f humus in the soil. Spray irrigation allows

bacteria to be car _ spray and air movement for distances of 800

meters. They are ..on kiiled by sunlight. 7he eggs of worms in

digested sludge were not viable. Raw sewage should not be used for :
irrigation of any ki~ 4, and only hiolog. .ally treated sewage should =
be used for irrigating vegetcbles.

067 S DISPOSAL OF LIQUID SLUDGE AT KANKAKEE, iLI.INOIS
Schriner, Phillip J.
Sewage Works J., 14:876-878, April 1942.

Descriptors. Costs, 1llinois, Sludge disposnl, Operation and maintenance,
Recycling nutrients.

Cost figures show that liquid sludge disposal by tank truck delivery
constitutes ¢ considerable saving over operation and maintenance of
sludge dryving beds. lialsc eliminates the severe operating difficultics
of sludge drying beds in the winter months. The use of liguid sludg
to fertilize lawns wi!! be promoted, and the practice should show a
considerable profit to the city over past experience with sludge drying
beds




068 M SEWAGE RECLAMATION AT F'RE.Sf’\.‘é), CALIFORNIA

Segel, A.
Sewage Ind. Wastes, 22.10/1-1012, “ugust 1950

Descriptors: Fresno, California, Forage crops . Deep percolation,
Groundwater recharge, Westewater disposal

The city of Fresnc owns and operates a municipal farm, 1,292 acres i
area, where the treated se vage effluent is used for the irrigation cf
crops. In addition to 600 acres of grassland, the water is used to
irrigate such forage crops as adifalfa, sudan grass, and kaffir corn.

A herd of over 600 fine Hereford cattie are maintained on the farm.

For the fiscal year ending June 30. 1949, t“e city realized an operating
profit of $9,346. In 1921, the city owned oniy 812 acres. and disposal

of sewage effluent created a serious problem with a high water table

only about 2 feet below the surface. Lawsuits were filed by adjacent
landowners for waterlogging and flooding adjacent lands. To correct
¢this situation. some of the land was lagooned, and 9 wells were

installed from 200 to 300 feet deep with no perforation of the casing

less than 100 feet. Watzr from the wells wus diverted to the Fresno
Irrigation District for use in its system. Increased irrigation agriculture
and instaliation of many wells in the area have helped to improve the
groundwuter level and faciiitate the percolation of plant effluent into

the underground basin J

069 M  PROBLEMS IN SEWAGE FARMING

Shreier, Fran:
Ber. Abwassertech. Ver. (Munich). 2 1181950, Abstr., Sewage Ind

Wastes, 25:241, February 1952

Descriptors QOperation or. muinfenance, Wastewater disposc!, Odor,
Sprinkler irrigation.

The probiems considered arc pretreatment, changes in farming methods,
zoning of urban areas, hygienc, biology, and economics. Pretreatment
is considered to be imperative. Charnges in farming inethods may involve
new capite! investments. Sewage farming should not be permitted near
water treatment plants. Qdors may intzs fere in urban areas. Spraying
onto grazing areas is hygtenically, biologicaliy, and econcmically the
bes. means of sewaqge utilization.




0701  SOME RIGHTS AND WRONGS UF CANNERY WASTE TREATMENT
Siebert, C. L., and C. Allison
Water Sewage Works, 95:227-230, June 1348.

Descriptors Pennsylvanio, Fcod processing wnstes, Sprinkier
irrigation, Crop response, Nitrate contamination.

The Hanover Canning Company in York County ., Pennsylvanica, discharges
5.19 to 0. 44 mgd of cannery wdaste to a spray irrigation site  The system
consists of portable pipe on 175 acres of grass. Tests were conducted to
determine the effect of high nitrate concentrations on the crop. There was
no effect up to 60 mg/L, stunted growth but no kurning at 80 mg/L, and
severe burning at 1060 mg/L.

071 M  SEWAGE DISPOSAL BY IRRICATION

Spencer, B. R.

Pub. Health (S Africa), 7 15-28, € ber 1843. Abstr., Sewace
Works J., 16:655-657, May 1944.

Descriptors: Wastewater disposal, Forage crops, Reviews, South
Africa.

Land disposal 1s necessary in South Africa since few places permit
effluent to be discharged to streams Reviews history of land dispc 1.
First recorded sale of efffuent for ir -gation was <i Bromford, Englanc,
in 1869.

Water requirements of different crops are considered. Over-irrigation
has resulted in r-i1sed water tables and "hrackish" soil conditions. Deep
plowing has been employed to help alleviate the situation.

Italian rye grass hos been found {G be satisfoctor , . Its several advantages
are enumerated

972 M ACRICULTURAL LSES f RECLAIMED SEWAGE EFFLUENTS -~
A DISCLSSION

Travaini, Dario

Sewage Works 1 20 33 33 Jonuary Ther

Do, riptors Publi hec.. . regulotions v getable crops, Crop response,
£ onomic¢ feasibiiity Clogymna (5007




- .

Chlorinated effluent is often purer bacteriologically than irrigation water
found in Arizora and should be viewed as a valuable resource. However,
its use for vegetables which are not heat processed, such as lettuce or
tomatoes, is frowned upon by state health boards. It has been shown that
sewage effluent produ _es superior crop yields and that soil blocking by
high sodium ratios can be neutraliz .d by a lowering of p'l.

0731 INDUSTRIAL USES OF RECLAIMED SEWAGE EFFLUENTS
Veatch, M. T.
Sewage Works J., 20:3-11, January 1948.

Descriptors: Water reuse Surveys, Flood irrigaticn, Crop response,
United States.

Although the article is about industrial uses of water, the author includes
o list of places where sewage effluent is used, and this includes 124
examples of agriculturcl uscge and 17 truly industrial uses.

074 M  THE NEED FOR PRETREATMENT OF SEWAGE UTILIZED FOR
AGRICULTURAL PURPOSES

Wierzbicki, Jan

Gaz Woda Tech. Sanit. (Warsaw), 23. 162, May 1949. Abstr., Sewage

Works J., 2/:1110, Jenuary 1949.

Descriptors: Tertiary treatment, Flood irrigation, Costs, Economic
feasibility, Poland.

The agricultural u:se of sewage results in a high degree of treatment,
along with the advantages of fertilization and enrichment of soil with
humus. Reasons for preferring clarified sewage effluent for irrigation
are listed and discussed. Two disadvantoges resuiting from pretreatmerit
are removal of fertilizer materials and increase in cost of operation. If
the sludge is recovered and used as a fertilizer, more of the fertilizing
value will be utilized

075M DISADVANTAGES AND ADVANTAGES OF SEWACGE DISPOSAL IN
CONNECTION WITH AGRICULTURAL UTILIZATION

Wierzbicki, Jan

GCaz Wodo Tech. Sanit. (Warsaw;, 23. 168, 1949. Abstr., Scwage Ind.

Wastes, 22:578-579, April 1954

Descriptors. Europe, Wastewater rctsy, Operwtion and mainlenance,
Soil physical properties. Costs
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Agricultural use of sewage in Europe dates back to 1553. Rapid growth of
cities and restricted land areas later led to overloading and unsatisfactory
results. Where adequate areas were available, the results were satisfactory.

Disadvantages include large land area needed, suitable soil porosity required,
must be located downstream from water source, and pumping cost if it must
be transported some distance.

A major benefit is to the economy of an arec. Arid acres can be made
productive. Other advantages are the fertilizer value and increasing
humus content of the soil. Gravity fiow to the field is best.

076 M SEWAGE FARMING AT OSTROW WIELKOPOLSKI
Wierzbicki, Jan
Gaz Woda Tech. Sanit. (Warsaw), 23:387, 1949. Abstr., Sewage
Ind. Wastes, 22: 971-972, August 1550.
i
Descriptors. Poland, Forage crops, Economic feasibility, Operation and
maintenance, Design data.

Disposal by sewage farming dates back to 1911 at fields 2.5 miles from
the city. The farm operation is described in detail, giving acres used,
daily flow, treatment processes, and hay and silage yields. The farms
are well managed, show a definite profit to the city, and benefit the
Jocal farmers by providing them with excellent hay.

077 M MODERN METHODS IN THE AGRICULTURAL UTILIZATION
OF SEWAGE

Wierzbicki, Jan
Gaz Woda Tech. Sanit. (Warsaw), 23:298, 1949. Abstr., Sewage Ind.

Wastes, 22: 969-970, November 1949.

Descriptors: Poland, Operation and maintenance, Rates of application,
Spray disposal, Overland flow.

Natural sloping terrain of at least two percent should be used. loading
rates are 25 to 50 acres per |,000 population. Large areas are required.

Any method normally used for cpplying irrigation water can be employed.
Spraying has mony advantages, but a clarified effluent is required. Fish
ponds or forested areas may be utilized to take care of the excess flows.




078 M ECONOMICS OF SEWAGE DISPOSAL IN CONNECTION WITH
AGRICULTURAL UTILIZATION

Wierzbicki, Jan

Gaz Woda Tech. Sanit. (Warsaw), 24:193, May 1950. Abstr., Sewage

Ind. Wastes, 22: 1508, December 1950.

Descriptors: Wastewater disposal, Poland, Costs, Recycling nutrients,
Forage crops.

European experience with sewer farms is summarized. Developments
leading to the distribution of sewage on irrigation fields and factors
affecting their cost of operation are considered. Hay yields were
increased 5-8 fold. Increases in other crops are also reported.

079 M EFFECT OF GEOGRAPHICAL FACTORS ON THE WIDESPREAD
AGRICULTURAL USE OF SEWAGE N

Wierzbicki, Jan

Gaz Woda Tech: Sanit. (Warsaw), 24:407, November 1950. Abstr.,

Sewage Ind. Wastes, 23:941, July 7951.

Descripters. Poland, Costs, Recyling nutrients, Wastewater disposal.

Surface irrigation in England is not feasible because of high annual
rainfall, small irrigable areas, large concentrations of population,
and low nutrient value of effluents. Sewage irrigation has developed
repidly in central Europe due to inadequate rainfall, more permeable
soils, and high nutrient content of sewage.

High temper atures and low rainfall in the western U.S. favor irrigation
with clean water or sewage. The potential for sewage irrigation in
Poland is excellent. Gravity flow to the farm is favored, although
moderate pumping costs may be permissible.

080/  AGRICULTURAL USES OF RECLAIMED SEWAGE EFFLUENT
Wilcox, L. V.
Sewage Works J., 20° 24-33, January 1948.

Descriptors: United Stotes, Water quality standards, Sprinkler
irrigation, Climatic data.




Especially in arid regions, the use of sewage efluent as irrigation water
is to be recommended. Three chemical groupings to be concerned

with c{re trace elements, cations and anions, and total salts. Boron is
the most important trace element to be concerned with ¢s manjy plants
are injured by cancentrations of around 1 ppm. Under cations and
anions, a good rule to remember is that hard waters make soft land,
thus soft water is not desired for irrigation. Generally sewage effluents
are quite suitable for irrigation purposes,; toxic materials can usually

be diluted to safe limits.

087 M POLLUIION OF IRRIGATION WATERS

Wright, C. T.
Sewage ind. Wastes, 22: 1403-1412, November 1950.

Descriptors: Vegetable crops, Fruit crops, Human diseases, Water
quality standards, Economic feasibility .

The report emphasizes the importance of irrigation for the economic
and agricultural development of the western states. In this connection,
pollution of irrigation waters is a problem that must be solved in some
areas to permit maximum utilization of water resources. Opinions differ
among health authorities as fo the health hazards associated with the
use of polluted water for irrigating edible crops. This is reflected in
the lack of uniform requirements or standards covering such use. As
no widely accepted requirements or standards exist for the quality of
irrigation waters or the streams from which they are drawn, there is

a definite need for basic data on which reasonable requirements can

be based Nc conclusicns can be drawn from current studizs relating
to the pollution of irrigation waters, and health authorities agree that
more research is needed to develop methods which will permit full
utilization of existing and potential irrigation waters. These studies
should include epidemiological investigations to determine the rela-
tionship between the use of truck crops exposed to polluted irrigation
waters and enteric infections. There appears to be some agreement
regarding the use of well-cxidized and adequately disinfected effluents
for irrigating fruits and vegetables. In the absence of widely accepted
requirements or standards, health authorities must require a high

degree of treatment.




SECTION 111
~ ABSTRACTS 1951 THRU 1955

082 M COMMENTS ON SEWAGE IRRICATION

Anonymous
Sewage Ind. Wastes, 25: 233-234, February 1953.

Descriptors: Surveys, Wastewater disposal, San Antonio, Texas,
Forage crops.

A survey of the opinions of users of sewage for irrigation. Four farm
owners from around the San Antonio, Texas area give statements on
the effect of sewage on their crops or pastures.

083 M SPRAY IRRIGATION

Anonymous
Tech. de I'Eau (Brussels), 8(92):23-28, 1954. Water Pollut. Abstr.,

28:224(1490), 1955.

Descrir ors: Soil types, Costs, France, Sprinkler irrigotion, Waste-
water disposal.

S~

Spray irrigation is useful, in that it involves less wastage of water than
methods previously used, requires no land preparation, leaves more
room for the crops, can be used on undulating ground, and con be used
in very permeable soils where other methods are useless. The higher
expense is largely compensated by considerably lower maintenance
costs. Its use in France is discussed.

084S SEWAGE SLUDGE FOR SOIL IMPROVEMENT

Anderson, Myron S.
U.S. Dept. Agr., Wash., D.C., Circ. No. 972. 1955. 27 p.

Descriptors: Sludge disposal, Nitrification, Bibliographies, Anaerobic
digestion, United States.




Chemical compositions of sludges variously prepared in different parts
of the United States are reported. Only 18 to 25 percent of the nitrogen
present in digested sludges is normally nitrified during a 16-week
period. Activated sludges show nitrification values of 50 to 60 percent
for a similar period. The bibliography has 41 entries.

085S HYGIENE OF IRRIGATION AND THE USE OF SEWAGE RESIDUE
Anonymous ) :
Stuedteh. (Hamburg), 6:255-260, 1955. Water Pollut. Abstr.,

29: 244(1348), 956.

Descriptors: Public health regulations, Sludge disposal, Sprinkler
irrigation, Water quality standards, Europe.

A draft is given of a proposed standard (DIN 13650) dealirg with
requirements for water used for irrigation and with the use of sewage
and sludge in agriculturs. :

~

086 M THE SEWAGE UTILIZATION PLANT AT MEMMINGEN
Bachmann, G. : ¢

Wasserwirt. -Wassertech. (Berlin), 4:191, 1954, Water Pcllut. Abstr.,
29: 28(166), 1956. -

Descriptors: Sludge disposal, Sprinkler irr:gation, Forage crops,
Memmingen, Germany.

The author desc-ibes the sewag? works of Memmingen where sewage,
after sedimentation for 1.5 hours, is used as artificial rain. The yield
of hay on watereda land has been increased by 52 percent.

Ps

0871  SPRAY IRRICATION FOR POULTRY AND CANNING WASTES
Bell, James W.
Pub. Works, 86:111-112, September 1955.

Descriptors: Sprinkler irrigation, Wastewater . spesal, Food processing
wastes, Arkansas, Rates of application.

Liguid waste disposal from two poultry-processing plants and a canning
plant in Arkansas is described. In each case, septic tank failure and/or
lagooning resulted in objectionable conditions. Plant waste- are screened
and applied to the soil directly or by spraying. Rates of application vary
from 10 to 60 inches per year, and 0.25t0 0.7 inches per day for short
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periods. Spray irrigation is considered a water conservation method.
The three plants consider this method of disposal to be satisfactory and
suitable where municipal disposal facilities are not available. Some
monetary return is realized from the irrigated land.

088 1 DISPOSAL OF CANNERY WASTES BY IRRIGATION
Brown, H. D., H. H. Hale, ecnd W. D. Sheets
Food Packer, 36:(8)28-32 & (9)30,32and &1, 1955.

Descriptors: Flood irrigation, Furrow irrigation, Sprinkler irrigation,
Costs, Soil types.

Four methods of irrigation now used are furrow, ditch, flood, and spray.
The soil type and land contour determine the appropriate method to use.
Stagnant water must be avoided. Vegetation assists in water disposal

by transpiration ond soil cenditioning. Details are given on spray
irrigation field tests. Costs are considered. Information is given on

the best type of spray nozzle.

0891 STUDIES OF WASTE WATER RECLAMATION AND UTILIZATION
Bush, A. F., and S. F. Mulford
Calif. State Water Pollut. Contr. Board, Sacramento, Publ. No. 9, 1954,

82p.

Descriptors: California, Groundwater recharge, Groundwater contem-
ination, Soil types, Odor.

This report covers the determination of (a) relationship of underground
water pollution to methods and rates of spreading and percolation rates
of reclaimed waste waters, (b) the effects on underground water pollu-
tion of increasing the percolation rates of reclaimed waste waters by means
of cropping and vegetation, additives to top layers of soil, forced irri-
gation, or other means, (c) degree of contamination and/or pollution of
a variety of truck crops on maturity, where the reclaimed waste waters:
from various sources, including sewage and industria! wastes, have
been applied to the crops and spreading areas by fiooding, spraying,
or other means,; and (dj the extent of odor and other nuisances which
may result from this procedure.

It is recommended that waste water be considered a water resource and
that further studies be made of percolation rates and degree of treatment
required to handle the pollution load, also to remove salts (sodium and

boron) from sewage and industrial waste.

Useful references and a bibliography are inciuded.
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090 M UNDERGROUND MOVEMENT OF BACTERIAL AND CHEMICAL
POLLUTANTS

Butler, R. G., G. T. Orlob, and P. H. McGauhey

J. Amer. Water Works Ass., 46:97-111, February 1954.

Descriptors. Groundwater movement, Groundwater contaminudtion,
California, Water quality standards, Deep percolation.

The movement of bacterial and chemical pollutants via water-percolating
through the soil above the water taole has been studied somewhat more
extensively than the travel of poilution via groundwater movement.
Emphasizes the need for investigations in both areas. From reports

in the literature and the results of field and pilot-scale studies conducted
by the University of California Sanitary Engineering Research/l./abovtories
(SERL ), several significant conclusions were drawn. These dare listed

. and briefly discussed. A bibliography with 29 entries is included.

097/ SOME PROBLEMS FNCOUNTERED IN SPRAY IRRIGATION OF
CANNING PLANT WASTES

Canham, Robert A.

In: Proc. 10th Ind. Waste Conf., Purdue Univ., Lafayette, Ind., 1955.

p. 120-134.

Descriptors: Sprinkler irrigation, Wastewater treatment, Costs, Organic
ioading, Food processing wastes.

Seasonal operation requires that waste treatment systems have relatively
low capital investment and reasonable operating cost. The organic loading
may vary widely with different types of canning wastes. Other waste
characteristics are discussed.

Considers the problems encountered in spray irrigation, such ac avail-

ability of land, soil type, ground slope, frequency of application, cover
crops, and spray distribution systems.

0921  SPRAY IRRICATION OF FOOD PROCESSING WASTES
Dennis, Josebh M.
Sewage Ind. Wastes, 25:591-595, May 1953.

Descriptors: Food processing wastes, Spray disposal, Costs.
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Many food-processing plants are located in small towns where treatment
plant facilities are not adequate to accommodate both industrial waste

and domestic sewage. To discharge the wastes into small streams creates
serious nuisance and pollution problems, especially in periods of low
streamflow or dry periods. Disposal by spray irrigation has solved the
problem for many processing plants. Examples are cited, and costs are
discussed. The method must be adapted to the individual situation. The
need for more research is recognized.

0931 DISPOSAL OF LIQUID WASTES BY THE IRRIGATION METHOD

. AT VEGETABLE CANNING PLANTS IN MINNESOTA 1948-1950
Drake, J. A., and F. K. Bieri

In: Proc. 6th Ind. Waste Conf., Purdue Univ., Lafayette, Ind., 1951.

p. 70-79.

Descriptors: Minnesota, Food processing wastes, Design data, Furrow
irrigation, Odor.

Minnesota had 31 vegetable canneries in 1950 that operated from June to
mid-September. Six plants that use spray irrigetion or ridge and furrow
are described. In the four spray irrigation systems, application rates
ranged from 0. 25 to 0.5 inches per day on predominantly clay soils.

For the two ridge and furrow systems, application rates ranged from

0. 55 inches per day on clay loam to 2.15 inches per day on sandy loam.
Odors were encountered when irrigating with lagooned wastes but no
cdors were noticed when irrigating with fresh wastes.

094 M SALMONELLA IN IRRICATION WATER
Dunlop, 5. G., R. M. Twedt, and W. L. Wang
Sewage Ind. Wastes, 23:1118-1122, September 1951.

Descriptors: Primary effluent, Pathogenic bacteria, Furrow irrigation,
Vegetation damage.

Salmonelia were recovered from a significant proportion of samples of
irrigation water contaminated with a primary-treated sewage plant
effluent. These same organisms, however, were not recovered from
samples of vegetables irrigated with this water. Furrow irrigation was
the method of application. Any organisms in the water would have to be
splashed onto the leaves and stems above the ground or conveyed to the
plant by some other means. Root crops might be expected to be contam-
inated to a greater extent.




095 M QUANTITATIVE ESTIMATION OF SALMONELLA IN IRRICATION
WATER

Dunlop, S. G., R. M. Twedt, and W. L. Wang

Sewage Ind. Wastes, 24:1015-1020, August 1952.

Descriptors: Pathogenic bacteria, Coliforms, Vegetable crops, Human
diseases.

A quantitative method was developed for estimating Salmonella numbers
in sewage-contaminated irrigation water. Of 11 such samples, 8 were
positive for Salmonella. The median value for the 11 samples was 0.9
per 100 mi. Only T to 14 samples of vegetables irrigated with this water
was positive for these organisms. Ratios of 225,000 coliforms and 4,800
enterococci to one Salmonella were computed from the median val.es )
obtdined from the water samples.

096 M THE IRRIGATION OF TRUCK CROPS WITH SEWAGE CONTAMINATED
WATER N

Dunlop, Stuart G. N

Sanitarian, 15:107-110, 1952.

Descriptors: Wastewater treatment, Fruit crops, Pathogenic bacteria,
Vegetable crops.

Evidence is presented that ¢ significant proportion of irrigation water
samples, contaminated with treated and untreated sewage effluents, ~
contain pathogenic enteric microorganisms. Such organisms, however,
were only rarely isolated from the washings of vegetables irrigated
with this water. The author points out that it would therefore appear
that the health hazard associated with the use of sewage-contaminated
water for the irrigation of truck crops to be consumed raw is not as
great as has been assumed in the past; nevertheless, the fact that

the water has been demonstrated to be contaminated indicates that

a hazard still exists, and that every effort must be made to provide
adequate treatment of all domestic and industrial wastes before discharg-
ing into streams to be used later for irrigation purposes.

7Y
0971 CANNERY WASTEBISPOSAL BY IRRIGATION

Dunstar, G., and J. Lunsford
Sewage Ind. Was.es, 27:827-834, July 1955,

Descriptors: Food processing wastes, Sprinkler irrigation, Washington,
Forage crops, Organic loading.




This study was conducted to determine the feasibility of disposal of
cannery waste by irrigation. The wastes were from the Green Giant
Company, Dayton, Washington, which cans asparagus and peas. Two
types of cover crop were tested. One was alfalfa and the other was
pasture grass. For the purpose of comparison, both blancher wastes
and plant effluent were used, and three types of watering procedures
were tried.

The study showed that the organic loading of blancher waste killed
the plants. The effect was similar to that of an over-application of
fertilizer. On the plots irrigated with effluent, the hydraulic ioading
(4 in./day) seemed to be the controiling factor. The application of
undiluted Blancher waste to these types of plants is impractical, due
to the fact that the foliage would be burned unless only one or two
applications were made.

The data also point up the fact that the permanent pasture grasses were
apparently able to take a heavier organic ioading than alfalfa under
identical conditions.

098 S REGULATIONS FOR IRRIGATION AND THE USE OF SEWAGE
SLUDGE

Falkenhain, H. S.

Wasserwirt. -Wassertech. (Berlin), 3:293-294, 1953. Water Pollut. Abstr.,

_2_@:;‘/3(7805), 7955.

Descriptors: Wastewater treatment, Human diseases, Sludge disposal,
Pathogenic bacteria, Germany .

Proposed German regulations for irrigation and for the use of sewage
sludge are discussed. The author considers the divergent views in
the literature on the subject of preliminary treatiment of sewage and
trade waste waters for use in agriculture. Special importance atteches
to the destruction of parasitic worn.; and pathogenic bacteria. During
sedimentation the numbers of these are reduced, but the danger of
infection is not removed.

099 M CHEMICAL CHANGES IN SEWAGE DURING RECLAMATION BY
SPREADING

Greenberg, A. E., and P. H. McGauhey

Soil Sci., Z_9_.'33—39, January 1954.

Descriptors: Wastewater treatment, Spreading basins, Water quality
data, Neep percolation, California.

41




In arid and semi-arid regions, 'reated sewage is spread on the ground
and the water percolates down to the groundwater. Results of chemical
analyses of percolating liquids in four sprecding basins in Californig
are tabulated. Samples were collected and analyzed to o depth of 12 feet.
Conce rations of Ca, Mg, Na, anu Cl ions remained the same. K
decreased by 50 percent. Ammonia and P were completely removed
within the first 4 feet. Sulphates and bicarborctes increased by 30
percent and ,utrate by about 200 percent. Nitrification accounts for

the increase in nitrate. It is suggested that these changes are due

to biological ectivity in the soil.

1001 SEWAGE EFFLUENT RECLAMATION FOR INDUSTRIAL AND

AGRICULTURA! USE
Greenberg, Arrold £., and Jerome F. Thomcs
Sewage Inu. Wastes, 26:741-770, June 1954,

Lescriptors. California, Water quality standards, Croundwater contam-
:nation, Croundwater recharge, Spreadirg basins.

Pranned reclamation 1s designed to produce a usable water from: sewage.

S ik reclaimed waters may be used by industry or agriculture "directly”

¢ "rdirectiy.” The latter involves replenishing groundwater basins from
v nicq tndustrial, caricuitural, or domestic supplies are drawn.

criments performed by the University of Calitorr.'a’s Sanitary Engineering
earch Leboratory cre discussed, and the conclusions are summarized

Ixp
K-s
* A bacteriologically safe water can be produced from

settied or more highly treated sewcge if the liquid
pasces through ot lecst four feet of soil.

4 water of chemicai quality satisfactory for most

Jses con be produced from sett!ed sewage or fina/
cfftuents ~rovided high concentratior  of undesirabis
wosies not i~cluded ir the raow sewuge.
T wotain rodotively high rates of poreelution,
highly treated sewage piant efflucnt must be
vused e soreuding.

A e e cEction roby or G0y gore ftoper e ped
sov . n be capoctod when sprecding firc

L Eent oy Hanfrrd fire sar-dv loses
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FINAL REFORT ON FIELD INVESTIGATION AND RESEARCH ON
WAS "E WATFR RECLAMATION AND UTILIZA TION IN RELATION
TO UNDERCROUND WATEP PCLLUTION

Gotaas, Harold B. ,
Calif. State Water Pollut

124 p. Abstr . Sewaqge Ind Austes, 26 927-928, July 1954
Descriplors Spreuding ba>ins. Deep vorcolotron Croundvater
contaminatier, Soil typ <. Caitfernia

Circular spreading basins.
equipped so that samples of
at various depths for bacte
was studied with threc iiquids
final effluent having u BOD of ubout 10 ppm,
a BOD of gabout iv. ppm
to determine the conditivns wnich i
minimum contamination or pollut: i of the g
(1) ncture of fiquid, 121 linath oS spreadirg period
resting period  Jnd
sund ~o.er and gnr o

The optimum method of operation is to spread
continuously for a month, preferably with
liquid containing large amounts of organic
matter, then to allow the basin to rest unt's
itis cir dried. Thereafte~ cultivaiion of
tne dry soil is desirable. Following this
preliminary treatment, continuous application
-f a final effluent may be car~ied on for as

«1g as six months. Resting and cultivation
.ay then be repected.

Mosquiioes in spreading basins will create
g nuisance and heaith hazard unless control
measures are adopted. If algal odors are
pronounced, the control of algae also may
be necessary.

Further investigation is needed of sewage
percolation in different soils and of phenomena
assoc...ed with the movement of water into such
soils to generalize the conclusions reached as

o resulit of this study with Hanford fine sandy loar:.

et al
Contr Board. Sncramento, Publ. ho £ 1953

16 fect -n giameter, were constructed and
4o percolating hquid could be collecied
riological and chemical analyses. Spreadiric
fresh water, sewage treatment plant
and settled sewage with

A number of operating variables were studie:
o maximian percolation rates and
soundwoter  These includs.;
i 21 length o

fgr offect of serfoce Ueatment sdch as spatting

tr

g F o ahiese w
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Some of the conclusions were

1 A bacteriologicaily sofe water can be produced from
settled sewage or final effiuent 1f it passes through
at least 4 feet of soil

to

A water of satisfactory chemical quality can be
produced providing high concentrations of
undesirabie industrial wastes are not included
in the raw sewage.

3. A highly treated sewage effluent must be used
to obtain high rates of percolation.

4 A percolatiop rate of 6.5 acre-ft per acre per
day can be expected when spreading a final
effluent on Hanford fine sandy loa-

5 The optimum method of operation is to spread
cortinuously for about a menth, allow the
Easin to rest until moisture content approaches
permanent wilting point, then cultivate the

dry soil. Continuous application of effluent
may then be carried on for as fong as 6 months.
Resting end cultivation may then be repeated.

Mosquito control wiil be necessary, and algae
zontrol may be required.

(R

Study was conducted on Hanford fine sandy
joam Further investigations would be
necessary to generalize the findings tc
include other soil types.

N

Foi s FHE e 0f Gl OF AURICLL TURAL LTIIZATION OF SEWAGE
Grubtinger, F

Bodenkultur + v er—w 074 @0 19,3 Abstr | Soils Fert., 18 64(3
1955

Fecr stor s e o v ore coper boruge crops  Recydling nutrients.
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The author discusszé the technical features of the purificatior: of sewage
and sprinkler irrigation with sewage. Irrigation with 1500-3000 cu.m.
per hectare of purified sewage annually supplies 120-2"0 kg/ha N,
30-60 kg/ha P,0s; and 52-104 kg/ha K,0. lIrrigation with such waters
and application of the sludge are particularly suited for nitrogen fer-
tilizing, especially of gru-sland.

1031 FUNDAMENTALS GF THE CONTROL AND TRFATMENT OF DAIRY
WASTE

Harding, H. G., and H. A. Trebler

Sewage Ind. Wastes, 27:1369-1382, December 1955.

" Descriptors: Deoiry wastes, Rates of application, Sprinkler irrigatios,
Organic loading, New York.

Disposal rates as high as 134,000 gallons per acre per day are reported
from studies done in lowa by ridge and furrow irrigation. Freezing

is reported not to hinder this method. Volume and not BOD is the
controlling factor for land disposal. Spray irrigation is reported to

be of interest, especially in wooded areas where high organic loadings
may be handled. '

104 S DISPOSAL OF WET DICESTED SLUDGE AT MARSHALL,
MISSOURI

Hayob, Henry

Sewage Ind. Wastes, 26 93-95, January 1954

Descriptors Missouri. Sludge disposal . Soil types, Anaerobic digestion.

Sludge drying beds were eliminated, and liquid sludge is now hauled
by tank truck to be spread directly onto farming land. No mention is
made of crops grown, soil type, or crop yieics Several problems were
solved with this new typc of Jisposal

1051  SEWAGE L FLULENT DISPOSAL THROUGH CROP IRRICATION
Henry, C. D ,R. E. Moldenhauer. L E. Engelbert, and £ Truog
Sewage Ind Wastes, 26 123 133, February 1954,

Descriptors Wastewater tregtment Wiscons:n, Osidation lagoons,
Coliforms . Denitrificution




¢

The use of sewage effluent for irrigation is well known in the arid parts

of the U.S. It is practical in the other parts of the country, including

the northern parts, where the wastewater can be stored in iagoons

during the winter. This test in Madison, Wisconsin, aprlied more

than 50 inches of water per season, producing substantal increases

in crop yields. Nitrogen, potassium and phosphorus were almost
_ltatally removed from the effluent, as were coliforms.

106 S FIFTEEN YEARS OF THE UTHLEBEN SEWAGE COOPERATIVE
Hoiler, K.

Wasserwirt. -Wassertech. (Berlin), 2:397, 1952. Abstr., Sewage Ind.
Wastes, 26: 118, January 1954. - -

Descriptors: Sprinkler irrigation, Grain crops, Raw sewage, Waste-
water disposal.

Progress and effect of 15 years of sewage farming and technical instal-
lations are described. Of about 613 hectares (1,515 acres) 44J hectares
received spray ir-igation and 173 hectares received trench irrigation.
The present maximum sewage flow is about 4,800 cu. m. per day
(1.27mgd). The raw sewage flows through a grit removal unit and
thence into a 5,000 cu. m. equalizing lagoon functioning at the same time
as a settling basin. This is drained once a year for sludge removal.
About 50 percent of the wet sludge is used dir~ctly with catt/le manure on
the fields. The other 50 percent is di ied on beds and composted with
garbage. The sewage is pumped (0 the land through movabie pipes.

The importance of proper timing of irrigation is emphasized and iflus-
trated for grains (oats, wheat), beets, rape seed, and pastures.
Comparisons of crop yields with non-irrigated surrounding areas

are given.

107 M  SUPPLEMENTAL IRRIGATION WITH TREATED SEWAGE
Hunt, Henry J.
Sewage ind Wastes, 26 250-260, March 7954.

Descriptors: Sprinkler irrigation, Soil types, Climatic data, Wastewater
disposal, Reviews.

The history of sewage irrigatior from the 19th Century to the present

/s reviewed. The factors affecting supplemental irrigation are discussed.
These are water requirements, area required, best crops, methods cf
application, increased yields, and time and omount of irrigation. -
Factors influencing the amount of irrigation are soil tvpe, kind of

crop . and iocal wecther conditions. Lengthy periods cf soil saturation
must be avoided, since it is required that soil air enter the root zone.
Climate datc are shown for several U.S. stations.
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108 M AGRICULTURAL UTILIZATION OF SEWAGE

lppolito, G.

Ing. Sanit. (Milan, Italy), 1:15-20, 1955. Water Pollut. Abstr.,
29:202(1107), 1956. -

Descriptors: Wastewater treatment, Wastewater disposal, Water reuse,
Oxidation lagoons, Recycling riutrients.

The author advocates broad irrigation with emphasis on the utilization
of sewage for the growing of crops rather then as a method of sewage
disposal. Before installation, studies of crop selection and rotation
must be made in order to fully utilize the sewage. Sewage treatment
plants will be necessary at most locations to provide acceptable sewage
disposal for those periods when crop raising is not practicable. Plain
sedimentation is recommended for the sewage prior to its use for
irrigetion to reduce the quantity of organic matter in the irrigation
water,; the utilization cf the resulting sludge c¢s fertilizer elsewhere is
recommended.

V4

109M THE AVAILABILITY OF NITRATES IN SEWAGE EFFLUENTS
Jepson, C.

J. Inst. Sewage Purif. ‘London), p. 148, 1951.
Wastes, 27: 355, March 1955.

Absir., Sewage Ind.

Descriptors: Nitrate contamination, Wuter quality data, Surveys,’
Nitrification, England.

Although oxidized nitrogen is a potential source of oxygen, the latter
does not become available for bioiogical life until all the free dissolved
oxygen has disappeared. Presence of nitrate in an effluent can delay

or prevent the oriset of putrescence. Given an adequate retention
period during which any dissolved oxygen is exhausted, settled sewage
may ke improved in quality by the reduction of oxidized nitrogen. To
obtain a correct estimate of oxidized nitrogen, analysis should be made
as soon as possible after sampling or special precautions taken to retard
biological activity.

170 M  SOME ASPECTS CF IRRICATING GRASSLAND IN HUMID REGIONS
AND THE USE OF SEWAGE

Julen, G.
In: Proc. 6th Int. Grassland Cong., Penn State Univ., State College, Pa.,
1952. Vol. I, p. 394-396. Abstr., Soils Fert., 18:450(2303), 1355.

Descriptors: Forage crops, Nutrient remroval, Wastewater disposal,
Plart growth.




Higher grass productian can be obtained by irrigating during periods
of drought when insolation is greater than by high rainfall associated
with poor light conditions. Sewage waters are useful, though their
high N content may depress legumes in leys.

111M TREATMENT OF SEWAGE PLANT EFFLUENT FOR INDUSTRIAL
RE-USE

Keating, R. J., and V. J. Calise

Sewage Ind. Wastes, 27:773-782, July 1955.

Descriptors: Wastewater treatment, Water reuse, Design data, Waste-
water disposal, New York.

One practical and substantial source for additional industrial water
supplies is the effluent from municipal sewage treatment plants. The
author discusses current developments and factors involved in the
design of equipment for. treatment of sewage plant effluents for reuse
in industrial processes and boiler feed applications.

112M PUBLIC HEALTH ASPECTS OF SEWAGE FARMING
Koziorowski, Behdan

Gaz Woda Tech. Sanit. (Warsaw), 27:100. Abstr., Sewage Ind.
Wastes, 25: 1480, December 1953.

Descriptors: Primary effiuent, Human diseases, Recycling nutrients,
Sprinkler irrigation.

Secendary treatment of the sewage should precede its use in sewage
farming, but this is costly and fertilizer value is reduced by 20 percent
over that of primary treatment. The spraying of primary effluent on
fields and forests is recommended, but produce taken from these fields
should be processed properly before consumption.

1713S  HYCIENIC EVALUATION OF THE AGRICULTURAL UTILIZATION
OF SEWAGE

Kruez, C. A.

Gesundh. Ing. (Munich), 7_6;206-277, 1955.

Descriptors: Public health regulations, England, United States,
Germany, Soviet Union.




The author discusses the hygienic problems erising from the agricultural
utilization of sewage and the amount of agricultural use in the Uni‘ed
States, Great Britain, the Soviet Union, and Germany. He considers the
dangers to health, preceutions necessary in the use of sewage and sludge,
the fertilizer and humus-forming effects of sewage and sludge, and the
effect of treatment on the fertilizing constituents.

1141 DISPOSAL OF LIQUID AND SOLID WASTES BY MEANS OF SPRAY
IRRIGATION IN THE CANNING AND DAIRY INDUSTRIES

Lane, L. C. A2

In: Proc. 10th Ind. Waste Conf., Purdue Univ., Lafayette, Ind., 1955.

p. 508-513.

Descriptors: Food processiry wastes, lowa, Water quality data, Dairy
wastes, Spray disposal.

The author reviews several operations that used spray irrigation for the
disposal of cannery and dairy wastewater anc summari zes the components
of which a typical spray system might consist. He sums up the merits of
spray irrigation as the following: (1) stream polluticn has been controlled
successfully with the spray application,; (2) odor control has been accom-
plished at each instaliation,; (3) BOD has not been a great concern to the
design of the system, (4) the system is simple to operate and can be fully
automatic; (5) land is not held in an unprod..tive state as in the case of
lagoons; (6) the equipment can be used for regular irrigation service by
canneries before the canning season begins; and (7) the costs are rel-
atively low.

£ 4

175M POLLUTION CONTROL OF THE Ki- CRANDE IN NEW MEXICO
Lowe, Robert P.
Sewage Ind. Wastes, 24-1021-1024, August 1952. -

Descriptors: New Mexico, Planning, Water reuse, Wastewater treatment,
Water management (applied).

Irrigation of agricultural crops is by far the major use of water on the
Pecos and Rio Grande rivers in New Mexico. Water shortages have
limited industricl development that must depend on adequate water
supply. The demand for use of all available water in New Mexico, Texas,
and the Republic of Mexico necessitates close control of pollution so that
the maximum usage of water may be obtained. This need has been reflec-
ted irn New Mexico through constant demands for use of sewage effluents
for irrigation. Growth is expected to continue, increaSing the need for
domestic sewage and industrial waste treatment facilities. Only continued
and alert control can prevent extensive problems from being created.
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115M SEWAGE RECLAMATION AT GOLDEN GATE PARK

Martin, B.
sewage Ind. Wastes, 23:319-320, March 1951.

Descriptors: Costs, San Francisco, Califoraia, Suspended solids,
Tertiary treatmem, Recreational focilities.

The author describes the sewage treatment system at Golden Gate Park

and the irrigation of the park by the plant effluent. The characteristics

of the sewage incoming to the plant are 250 ppm suspended solids and

350 ppm BOD. After primary treatment the settled sewage has a suspended
solids content of 50 ppm and a BOD of 150 ppm. After secondary treotment,
both the BOD and the suspended solids are less than 5 ppm in samples
taken from the final settling tank. Chlorination is carefully controlled

and a residual of 2 ppr urter the full contact period is maintained. The
plant effluent meets arinking water standards.

The cost per 1,400 gal. of effluent at the plant is $0.07. Gravity flow is
sufficient to ma.ntain those lakes which are at a lower elevation. For
irrigation purposes, and for maintaining the level of Stow Lake, where

a boating concession has been established, effluent must be pumped from
the plant reservoir. The cost of pumping is $0.04 per 7,000 gal. These
costs compare with a cost of $0. 22 per 1,000 gal. for irrigation water
taken from the distribution system of the domestic supply (cost data were
teken from a survey based upon the 1948-1949 water production and
included in the annual operating cost was the total of certain capital
improvements made during that fiscal year ).

117 i THE DISPOSAL OF INDUSTRIAL EFFLUENT BY WOODS IRRIGATION

Mather, J. R.
In: Proc. th Ind. Waste Conf., Purdue Univ., Lafayette, Ind.. 1953.

p. 439-454.

Descriptors: Food processing wastes, Rates of application, Clogging [soil],
Groundwater recharge, Seabrook Farms, New Jersey.

Seabrook Farms Company disposes of cannery waste effluent by means of
woods irrigation. The spreading of 400 io 600 inches of wastewater onto
forest soil during an eight- moricn period, while causing a rise in the water
table did not seriously clog the soil, or result in swamps or a completely
saturated soil. In fact, as a result of the vegetational changes accompanying
the spraying operation, the disposal area appeared to be beiter covered

the second and third years than before operations began. Recovery of the




groundwater table to predisposal operation level was nearly complete
during the four-month winter period. The vegetation and soi! of the
disposal area act as a most efficient filter jor, on the basis of well
analyses, it was found that no pollution of the groundwater had occurred
as a result of the spraying.

71181 SPRAY IRRICATION OF DAIRY WASTES

McKee, F.

In: Proc. 10th Ind. Waste Conf., Purdue Univ., Lafayette, Ind., 1955.
p. 514-518.

Descriptors: Organic loading, Design data, Dairy wastes, Sprinkler
irrigation, Urited States.

Six spray irrigation installations for the Krcft Foods Company are
described. The wastes are milk and whey. Loading rates vary from

( 5to 1.6in./wk. Operating data on the six plants located at Berwick,
Ontario; Alexandria, Tennessee, Owenton, Kentucky; Shirley, Indiana;
Paoli, Indiana; and Milan, Wisconsin, are given. Two of the plants have
been replaced with conventional treatment systems.

7119M A SURVEY OF DIRECT UTILIZATION OF WASTE WATERS

Merz, Robert C.

Calif. State Water Pollut Contr Board, Sacramento, Publ. No. 12, 1955.
80 p.

Descriptors. Groundwatcr recharge, Recreational facilities, Wostewaler
disposal, California, Surveys, Bibliographies.

A compreiiensive survey of current practices in the use of wastewater
by industry, by agriculture, for recreation, and for groundwater
recharge. The study permitted the following cornclusions with regard

to the agricultural use of wostewater (a) Sewage effluent has been
shown to be a satisfactory irrigation water, where chemical concentrations
permit and where health regulations pertaining to type of crop are met,
(b) Sewage effluent has been shown to be ar adequate medium for
leaching atkali soils, or improvement of barren soiis, (c) Reclamation
by land irrigation is a means of protecting the quality of surface waters.
(d) Irrigation provides secondary treatment ond disposal of wastes 1n

an econcmical monner and may provide the municipality with a substan-
tial monetary return; and (e) An 1deal use of oxidized sewage effluent

is for irrigation of parks ond golf courses and as a supply for decorative
lakes Conclusions pcrta:ning to other uses are ¢lso given.
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Numerous examples of reuse are cited, and pertinent abstracts from the
literature are included. The bibliography contains 227 entries.

1201 ~“PRAY IRRIGATION AT MORGAN PACKING COMPANY

Miller, P. E.
In: Proc. 8th Ind. Waste Conf., Purdue Univ., Lafayette, Ind., 1953.

p. 284-287.

Descriptors: Food processing wastes, Spray disposul, Rates of appli-
cation, Odor, Indiana.

The Morgan Packing Company of Austin in southeastern Indiana pro-
cesses beans, soups, hominy, beets, and tomatoes. A flow of 1.3 mgd
is sprayed on 240 acres for a loading rate of 5,400 gaed. The wastewcter
passes through 3/8 inch screens, into a 2-hour equalizing reservoir
before being sprayed. The portable sprinkling system applies 0. 44
in./hr with equal resting and sprinkling times. There were nc fnsect
or odor problems and the Kentucky fescue in the spray area grew
twice as high as in hon-sprayed areas.

121 M  ABWASSERRIESELUNG IN AUSTRALIEN
(IRRIGATION W!TH SEWAGE IN AUSTRALIA)

Mueller, W.
Wasser Boden (Hemburg), 7:12-14, 1955.

Descrivtors: Melbourne, Austialia, Rates of application, Fruit crops,
Wastewater disposal, Forage crops.

The author gives an account of the conditions under which sewage is
used for irrigation in Australia. Only settled and biologically treated
sewage may be used. Surface irrigation is preferred. The amounts
vary from 350 to 7500 mm. per year. Land for arable and pasture use

and for fruit growing 1s irrigated.

1221 CANNERY WASTES DISPOSAL BY SPRAY IRRIGA TION

Nelson, Leonard E.
Wastes Eng., 23° 398-400, 1652,

Descriptors- Odor, Minnesola, Sprinkler irrigation, Costs, Food
processing wastes.




In 1951, an installation in Minnesota used 24 million gallons of cannery
wastewaters to irrigate 110 acres of crops. Crop yields were increased,
and no nuisance odors resulted. Portable aluminum pipe was used

for sprinkler lines. The pipe was moved as required to contrel dis-
tribution of water to the crops. Cost data are given for the installation.

723 M STREAM POLLUTION - BACTERIOLOGICAL STUDY OF
IRRIGATED VEGETABLES

Norman, N., and W. Kabler

Sewage Ind. Wastes, 25: 605-609, May 1953.

De -riptors: Pathogenic bacteria, Coliforms, Vegetable crops,
Sp: inkler irrigation.

The coliform content of the irrigated soils studied reflects, in general,
the coliform density of the waters they receive. Vegetables irrigated
with waters of high coliform count exhibit a higher coliform flora than
vegetables irrigated with relatively pure water. The coliform density
of leory vegetables irrigated with polluted water is higher than that of
smocth vegetables grown under similar conditions. Under the condi-
tions of this study, the enterococcus indices of soils and vegetables
showed no direct relationship to the indices of irrigation waters.
Salmonella were present in the irrigation waters in readily demon-
Stroble numbers, were present in soils in only low concentrations,
and were insufficiently numerous on the vegetables to be demonstrated
by the procedures used.

124 M AN INVESTIGATION OF SEWACE SPREADING ON FIVE
CALIFORNIA SOILS

Orlob, G. T., and R. G. Butler

University of California, Berkeley, SERL Tech. Bull. 17 June 1955.

53p.

Descriptors: Spreading basins, Soil types, Groundwcter recharge,
Aerobic conditions, Water quality data, California.

The infiltration rate for each soil was found to follow the same general
pattern: (1) an abrupt decrcase in raie attributed to dispersion of
soil particles; (2} an increase in rate due to solution of entrapred
gases into the percolating liquid, and (3) a decrease due (o accumu-
Jation of biological siimes in the soil voids. Infiltration rates in the
third phase ranged from 30 feet per day for the most permeable soil

to 0.6 feet per day for the fine soils.
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Infiltration of settled sewage applied to soil lysimeters decreased
sharply due to clogging of soil surface by perticulate matter. Coliform
removals were generally highest in the fine soils. Increases in calcium
and magnesium concentrations and decreases in sodium and potassium
concentrations in the percolates were observed.

Aerobic conditions existed for the first few weeks of sewage spreading
after which anaerobic conditions persisted. Increases in BOD in the
effluents from the soils were obtcined after the anaerobic stage predom-
inated. Organic matter penetrated the surface strata of the lysimeter
soils, causing decreases in permeability and infiltration rates. Abrupt
loss in hydraulic head through surface strata was experienced for all
soils receiving the sewage application.

Particle-size characteristics of the Five soils studied could not be
correlated with the observed infiltration rates. Therefore, field
performance of a soil cannot be predicted by comparing its particle-
size characteristics with those of other soils for which infiltration
rates have been estabiished.

725M J ERFAHRUNGEN AUF DEM GEBIET DER LANDWIRTSCHAFTLICHEN
ABWASSERVERWERTUNG
(EXPERIENCES IN THE AGRICULTURAL UTILIZATION OF SEWAGE)
Paulsmeier, F.
Desinfekt. Gesundheitsw. (Hannover, Ger.), 47:118-122, 1935.

Descriptors. Recycling nutrients, Sprinkler irrigation, Economic
feasibility, Vastewater disposal, Berlin, Germany.

From experience with the irrigation fields of Berlin, the author discusses
the agricultural and economic advantages of agricultural use of sewage.
He gives figures for the amounts of nutrient substances in the sewage

of Germany and deals with arguments raised against agricultural
utilization.

7261 BROAD FIELD DISPOSAL OF BEET SUGAR WASTES
Porges, Ralph, and Glen J. Hopkins
Sewage Ind. Wastes, 27:1160-1170, October 1955.

Descriptors. Food processing wastes, Nebraska, Water quality data,
Rates of application, Flood irrigation.
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The Great Western Sugar Company in Bayard, Nebraska used field
disposal for its industrial wastes. Results were very favorable; BOD
was reduced from 483 ppm to 158 ppm; bacteriological reduction was
about 75-89 percent, and SS removal was over 39 percent. The wastes
were allowed to run over a field of 160 acres, about 3,500 feet fong.
Waste flow is given as 4. 3 cubic feet per minute.

127M CALIFORNIA REGULATES USE OF SEWAGE FOR CROP IRRIGATION
Reinke, E. A.
Wastes Eng., 22: 364, 376, 1951.

Descriptors: Public health regulations, California, Raw sewage, Fruit
crops, Water quality standards.

The State Department of Public Health has adopted reguiations governing
use of sewage for crop irrigation. They prohibit use of raw sewage on
growing crops, provide that partially disinfected effluents shall not be
used to water growing vegetables, garden truck, berries, or low-growing
frults such that fruit is in contact with the ground; but may be used on
nursery stock, cotton, and such field crops as hay, grain, rice, alfalfa,
sugar beets, fodder corn, cowbeets~and fodder carrots. Well-oxidized
nonputrescible and reiiably disinfected or filtered effluents, which meet
the bacterial standards established for drinking waters, may be used
without restriction. The degree of sewage pollution of irrigation waters
varies with the source of supply.

128 M  LAND TREATMENT OF SEWAGE

Reploh, H.

Kommunalwirtschaft (Germany), 8: 401, 1955. Water Pollut. Abstr.,
29:352(1932), 1956. -

Descriptors: Sprinkler irrigation, Odor, Human diseases. Groundwater
rechcrge. .

i
The author discusses the advantages of agricultural utilization of sewage,
methods of preventing odor nuizance and spreading of bacteria, and the
importance of this method of disposal to the groundwater supply.
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M EFFLUENT FOR IRRICATIUN
Rockwell, F. L
Amer City, 69 92, September 79 -

Descriptors Texas, Sludgs gispose, Haroai r Qoen:, Fiood rrrgatier
Gra:n crops

Brownsville, Texas 1as @ new plant for sewage trectment consisting of
primary secimentation tanks, percolating friters, and final sedimentation
tanks  Sludge 1s digested and dried on open beds. Owing to the shortuge
~f weter for irrigatian, farmers huv< been allowed (o divert the effluent

t0 pg discharged to the Rio Grande to irrigate ¢rops of cotton and corn

C o CONTAMINATION OF VEGETABLES GROWN [N POLLUTEL SEL
Rucolts Willem, Lloyd L Faik, Robert A Ragotzkic
Sewoge Ind Wostes, 23 233-268, March 1951

Csrmploes  Loliforr s Furroe prrigobion, PatF.oaent- balreria Frarmad™

P s perraents GUring 1o Growlng 50.soNns were designed to evaluute
) compore the extent of coliform contamination of tomatoer to those
rewn in g somilar but uncontarminated environment. The pollution

s ested of vither furrow irrigatior vith settlea sewages normaliy usec
<o e purpose, or direct application of feces suspenstc .S to the frui’
s tiemes. which may represent spray types of irrigation on direct
L testen or night sl co fro quently procticed. addition, the
o L2l of pawiogenic types, stuch as Salmonella and Shigellc gencra

- rycsiigated to supplerent weth direct evidence the findings with
e mrganisms  The res. 'ts show that If sewage irrigaticn or righ:
onrvicotion 15 ~topped cae month tefore harvest, the fruit, if eater

W g et el g he verlors for the ransmissiun of humce actrriz!
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* QA RTex: Provided by ERIC

ERIC

Laboratory and fivld experimonus o i/ 2 sur rval of En-‘amoebe  histo-
Iyticd cysts applied Citrier 1n SUSpen>ion or i conjunction with feces i
or toes and leaf lettuce dircet. or w soil in which the plants were
growing, show that th - cysts ore extremely sensitive to desiccation
Addiaon of organi. matter in the forr i fece! suspensions does not
emhance survival ¢ the cysts  Crops gsowing in the field may become
contermnated directly during the course of irrigation with sewage
polluted water or night soil, or mdirectly through contact with polluted
soil. Contaminated tomatous and leltuce 1re free from viable cysts withtr
three days after contamination occurs, the time of decontamination de-
creasing v ** a decrease i the cegeee of wetness of the sofl. Tieid-
grown crops ccasumed row end subject to contamination with cysts of
£ historyticg cre considered scfe i the temperate zone one week

UFr rontarm ~eior bas topped and offer two weeks in wetter tropico:
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- UTAAYC AL PON OF VEGETALLES CROWN IN POLIL VED SOIL
HpOFIELD STLIES ON ASCARIS EGGS
Cosals watiop Licwr L falv, and Robert A Pagolek.
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Soig e oo drents or e sar. ool of Ascars suum eqgs vere conductes
By ospray oG suspensior: of Ascorss cqygs and Jeces on rowing tomaro:
sme Jettuce Flants ond trusts were harvested at intervuals — Results
<hew tnat a redoction of the nurber of eags took place with time  bu!

cqas retcined on the plents and frasts for more thon a month
e velopment of €qs vos groatly re tarded cnd completely develoi:
copgs conturninit pctie ernbryos requ-od for 'njection werc not
recovercd  The exposure of undeveloped eqggs io field conait-on®
reduced greati, the Liohin ity Jf the egos I appears that resisiunc:

AfAscarts eans v getabde surfce s [rss than pmight be expecter.
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Studis on coliform decorturrinctor ofron o ono0 L grewn un sewdge
politted soils, or sprayed with £ colior feces show that the natural
deat: rate of these bacterio under crdinury storage condrtions is stow
and doc< not insure adequate ce. nlarnat:on Vigorous washing for
15 min. with plain wcter removes most of the sprayed on contaminents,
but does not remove coliform from tomatoes grown on polluted soil In
general, vigorous washing with antonic. norionic and cationic detcr-
gents 1s nct materially better than wasning with plain water. Chlorine
and i1ts compounds in high concentroticn 1n solution do not reriove
organisms protected by Jirt «r ti. €racks, crevices, or bruises
Chiorine g- 5 is a good decertamirating agent, but causes bleaching in
the concentrations required Nitrogen trichloride and t-butyl hypo-
chlorite are not effective in the concentro*-ons normally used for fruit
spoilage control. The most cff~ctive meu. J for consistently obtaining
a low coliform residucl, without affecting the eppearance ond condition
of the vegetibles, is socking them r  ter ot ¢ lemperature of 60° ( for
S minutes.
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b CONTAHINATION OF VECETALLES GRUWN IN PLLLLTEDL SCIL
vV HELMINTHIC DECONTAMINATION

Rudulfs . willem. Llayd L F-Ik, aps Robert A Roactch .

Sewage Ind Westes, 23 £ 3-56., July 7951

™~ ’ - - -~ - £ - e -
Descriptors  Vegetchkio  rons, Hursen @ sooscs Lofergoits, {logand
e

Priygi ai ard < bemical rmoans of decortorinating eqetibie surfaces
contorr.nated by Ascaris suum eggs incluacd vigorous washing cnd
soaking 1 plain woler, detergent solutions, germicidal rinscs, and
use of warm water. The ~esults show that the eggs adhere tenaciotis!y
to solid curfuces Variwus detergents and germicidal rinses werc not
cffoctive hiliing agents, but cationic detergents will couse more thar
o percent remoyval of eqgs trom smooth surfaces. such as tomuatoes
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Aruitoxt provided by Eic:

The authors state the following gencra: cor . A evidence hus
been found that pollutional bacter co_eoe, or hefminth eggs peretrats
healthy, unbroken surfuces of ©cgerablrs or « suse interncl contoming
tion. Vegetables to be eaten raw cen be yrown without health hozard

in soils subjected to sewoge irrigat on, n'ght scil application, or
polluted stream water irrigation (n ycars pricr te the segson in wh:ch
the vegetables are grown. Vegetablcs grown under conditions of
surface sewage irrigation <how no higher coli’orm conceontrations thar
those grown on rormaily farmed soil, whethe woge was applied
before the plants were set or while the plants were growing. If sewage
sludges or night soil are appiied on the soii surface, or sewage effiucnts
are applied by overhead irrigation during growth of vegetables, appli-
cations should be stopped at least one month before harvest. If this
precaution is taker, the crop will show no higher bacterial contamination
than when farmyard manure or artificict fertlizers are applied. Strains
of Salmonella and Shigella do not survii= on vegeteble surfaces for more
thdm one week. Hence, -onclusions based upon coliform contaminaticn
offer a consideratle mar jin of safety Bacteria applied to vegetable
surfaceg nre tenacious!y held and protccted from the external enviror -
ment. This permits their survival under field ¢onditions ond explaips
the a.fficulty of their removal by varicus types oj washes or kill by
germisides  The resistance of cysts of Endamocba histolytica to the
external environment depe..ws climost entirely on the amount of mesiture
present Decth of the cysts occurs immediate!’y upon desiccation

During dry per:ods, cysts of £ histolytica survive less than 3 days on
vegetablcs growing above ground in the field. To reduce to o minimurm
the danger of transmitting amocbic dysentery througt: crop contaminaticr
the last cpplicatior of contomirating materiol to the sorl before horyvest
should be at lcast one week 1n the temperate cene and two weeks 1n the
wetter climates of tropicel regrons 4 :f Ascaris suum were recov-
crod 1n reduced numbers fror vegetahies one month ofter application,
but ¢ll hod degenercted, crnd no completely developed egas were four
on plaents 1n the ficld  The pos- ble dangers of the transmission of
Ascaris gre greatiy rediuced of ool metter fertilization 1s st pped one
month bejore barvest  Storage . ishing of vegetebles in prain woter,
or washing with various detors nts ncluding anior. o, nenicnic undd
cations. rempounds  ire ncffectooe 1s moons of bacte riclegicnl decontan
naton  Germicidoi ronse s o hlerene g i compounds Gre superiet
te weter and doetergerts for boctorigl Geoenbin inction, but are unrel:chi
Voter, cnionic . most nerond Jeterges foand Chloryeted cormpounds
are pot offe tro deconiarnants for bedr aethog e G el de tergent

aid 1y remo gl of o pp fror oo s tar
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1361 CANNINC . FREEZING, AND DEHYDRATION

Sanborn, N. H.

In- Industrial Wastes, Rudolfs, b (ed ) New York, Reinhold
Publishing Corp., 1953. p. 70.

Descriptors: lowa, Ratc of application, Furrow irrigation, Food
processing wastes, Costs

The author describes a field receiving pea and corn wastes in lowa since
1934. An average flow of 176 gem is discharged to 1.88 acres by ridge
and furrow irrigation. The soil is a "dark" loam and the average loading
rate is 5.0 in. /day.

Recommended loadings for corn wastes are 1 acre per 100, 000-1750, 000
gpd or 3.7-5.5in./day. Choose soil that will readily absorb wastes us
hydraulic loading is the control rather than solids content of the waste
applied. Recommended management is to provide constant attention to
direct the flow, allow the furrows to empty before reapplying waste,
and permit weeds to grow to utilize transpiration ond to reduce wind
sweep for odor control.

Total annual operating cost for the lowa operation (unscreened woste)
including the cost.ef leasing the land was $280or 0. 12 cents per case

1371  DISPOSAL OF FOOD PROCESSING WASTES BY SFRAY IRRICA TION
Sanborn_ N. H.
Sewage Ind. Wasies, 25 1034-1043, September 1953.

Descripiors Food processing wastes, Odor, Costs, Sprinkler irrigaticn.

Spray irrigation has provided a mcans for the disposal of food-processing
wastes which does not pollute streams or create odors. The method car
be extended to certain other industrial wastes. Several ~xamples of
successful disposal or ~rations are cited

Disposal systems fo: , pical food -processing plants are described and
cost figures given. Cer'an prot’ ms and lim..tations of sprey irrigatic
Lysteras are dis-ussed




138 M NEW EXPERIENCES IN AGRICULTURAL UTILIZATION OF SEWAGE

Schwarz, K.
Wosserwirt. Tech. (Berlin), 46 55, 1355

Descriptors: Soil types, Subsurface irrigation, Reviev's, Germury,

Sprinkler irrigation.

The author reviews the papers presented at a meeting of the Deutsche
Akademie der Landwirtschaftswissenschaften at Berlin in February 1954.
Subject dealt with include: experiments in Neustrelitz on the use of
artificial rain on very light soils, the relations between watering, soil
and plant groxth in localities of poor soil ans the necessity for adequcte
additional organic manuring, the effect of aritifical rain on the mainly
heavy soils of Thuringia, economic problems, subsoil irrigation and

its results in Delitzsch, and irrigation fatigue in fields overloaded with

sewage.

, 13941  SUBSC IRRICATION IN THE AGRICULTURAL UTILIZATION OF
- SEWACE

Schwarz, K.
Wasserwirt. - Wassertech [Berlin}, 2‘ 371-373, 1955. Water Poliut. Abstr.,

30.25(148), 1957.

Descr:ptors. Subsurface irrigation, Soil types, Public health regulations,
Germany, Wastewater disposal.

Investigations in the exgerimental irrigation fieids at Greifswald, De-
Iitzsch, and Neustrelitz, on subsoil irrigation, are not sufficient for a
final judgment of this method of app//cation of sewageN_Further experi-
mental 1rrigaticn on frelds of medium and neavy soils is recommended.
Further investigations on hygiene and the technique of construction

arA operation of piants arc required.

1404 ASRICLLTURAL VALUES Of SEWALE

Skulte, I°
Sewa - ind Westes. 22 1257 1205, November 1855,

Descriptors  Plapning. Grounde st ~charge, Recycling nutricnts,

Primaory offluent, Europe




.

Actual experiences have demonstrated that sanitary sewages and many
industrial wastes can be successfully used for agricultural, industrial,
and other purposes. The sewage as used for irrigation is usually given
primary treatment. After that, the processes of natural soil filtration
and biochemical stabilization can produce an oxidized and well-treated
percolation water. Reclamation programs planned only for groundwater
replenishment are usually unsound economic ventures. Therefore, the
emphasis should be on the agricultural values in sew1ige, greatly
reducing the immense fertilizer bill and improving soil conditions.

141 M SOME PRINCIPLES OF AGRICULTURAL IRRIGATION

Sisson, Donald R.

In: Proc. 10th Ind. Wcste Conf., Purdue Univ., Lafayette, Ind., 7955.
p. 519-526.

Descriptors: Sprinkler irrigation, Wastewater disposal, Public health
regulations, United States.

Irrigation is one of the more important pract.ces designed to minimize
the "gamble" in modern agriculture. The benefits of irrigation as
practiced in the Midwest are noted. The important factors to be con-
sidered in designing an agricultural irrigation system are discussed,
as well as some of the prohlems in the use and management of the
system. Some hazards and probiems assoriated with waste disposal,
by agricultural irrigation are pointed out.

1420 CONTROL CE FERTILIZING MINERALS IN SEWAGE PLANT
EFFLUENTS

Smith, R. L., arn.d W. Subby

Pub. Works, 86 91-92, February 1955.

Deszriptors Sprinkler irrigation, Anaerobic conditions, Furrow
irrigatiors, Soil chemical properties, Recycling nutrients.

Minerals 1n sewage-works effluent can cause excessive algae blooms in
lokes due to the fertilizing value of the minerals. Metheds suggested
‘or solving the problem incl'ide diverting the effluent from the loke,
wih discharge to a flowing sirem, disposal on land by furrow or spray
irrigation; or removal of algne and thereby remcval of fertilizing m.n-~
crals. The first method was found to be costly and ineffectual as the
minerals had olready entered the lake. The second method was also
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expensive as plants had to be removed before death to prevent return
of excess minerals to the soil and, alsc, because the area of irrigation
had to be constantly changed. There was danger o] producing high
nitrate concentrations in the groundwater in the area. The removal
of algae and minerals was found most satisfactory. 7he algae removed
can be used fo -~ fertilizer. The lake water was filtered through paper
in a metal trough-shaped filter. A description of the filter is given.

143M EFFECTS OF SEWAGE ON CATTLE AND GARBAGE ON HGGS
Snyder, V.
Sewage Ind. Wastes, 23:1235-1242, October 1951.

Descriptors: Human diseases, Pathogenic bacteria, Wastewater treat-
ment, Animal diseases.

In making use of sewage effluents, the degree of treatment required must
be governed by its subsequent reusef the greatest social and economic
advantages are to be realized. Since there are many diseases common
to both man and animals, the possibility of disease transmission by
sewage must not be overlooked. Experiments are cited in which swine
were fed with incoming sewage mixed with bran; others were fed with
effluent mixec with bran. Carcful postmortem examinations revealed
no evidence of disease. Cows were supplied with effluent for drinking.
Likewis~, no evidence of disease was found. It was concluced that
virulent bacteria were not present in sufficient concentration in the
sludge and effluent of the treatment plant at Bel’s sille to cause disease
in susceptible animals. The feeding of raw garbaye to hogs can lead

to trichinoisis in the animals and transfer to man if the meat is not
properly cooked. Garbage can be cooked to destroy the infeution befsire
teeding to the Gnimals. '

144 M EFFECT OF SEWAGE IRRIGATION UPON SOILS

Steel, W., and £. J. M. Bery

Sewage Ind. Wastes, 26. 1325-71339, Novembe, 1954.

Descriptors: Soil chemical properties, Organic loading, Soil physicai
properties, Wastewater disposal, Texas.

The relativelv smal! changes in the soils studied indicate that sewage
irrigation is neither especially beneficial nor injurious to <oils. Sewage
irrigation encourages accumulation of chlorides. Leaching of the chlo-
ridzs was readily accomplished and there should be no injurious accu-
mulations under normal operation. A slight increase in organic matter
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(humus) can be expecced. Pore space is increased by sewage irrigation,
and crumb structure shows some improvement. Sewage-irrigated soils
accumulate siightly more phosphorous than water-irrigated soils. Boron
also will be contributed to s0ils by sewage.

1451  LAND DISPOSAL OF SEWAGE AND INDUSTRIAL WASTES
Stone, Ralph
Sewage Ind. Wastes, 25:406-418, April 1953.

Descriptors: Water quality standards, Human diseases, Groundwater
rechairge, Rates of application, California.

The author discusses the disposal of waste effluents by irrigatior of
restricted crops, or within spreading creas. Soii organisms and fil-
tration provide a "high quality, fully cxidized, pathogen-free, nenturbid
water." Intermittent dosage assures an aerobic environment which is
required for nuisance-free disposcl. Several examples are cited along
with data describing operations. Variable factors imporiant to the design
and operation of land dispo<al facilitie are discussed.

Nuisance and health hazards may be -.ontrolled through proper design
and tect.nical supervision of the operaticn. Certuin highly mineralized
industrial wastes may present special preblems. Lond disposa! methods
arpear to be satisfactory for wumestic sewage effluent.

146 A IRRICATICN w1TH WASTE BA TEE
Stonie, Folpi.
Pub Works, 4t 9757 Novemkbor

L
“"
.

Descriptors  Calidorr. sstew rter drogtment Colfe
5

drsposal, Cost

curses, Wastew irer

The author stules The ro1se of sewege ond industricl woste waters cr
irrigation (s g medans of conswrving our avarloble water rescurces "ohot
all sewage and industriul wosices in all climates can be scfely dispesed of
by irrigation In Culifornc, 65 localitics use waste water for crop irr
gatior: . peef cattle appear to drink woste water ir; npreference to potab '
well woter  Sewocqe ond indu<iricl waste must be trected regardless of
ios disposition  Therefore. the ot of treatment should not be charged
against the usc of weter for 7 igation Porks. golf courses. orchords
pastures, cultivated grecs ol produce more luxuricnt (rops wher
irrigated with voste wale? foter with @ high mie 1 contert is con
sidered unsatisfectory for irrigaticn  Ponding G waste water from cuver
(rrigaticn crestes o s 2 b, itk Rorards gnd shou!d not Beoserr e ]




147 M SEWAGE TREATMENT IN CALIFORNIA STATE INSTITUTIONS
Stowell, E. R.
Sewage Ind. Wastes. 2671347124 Novermber Th--

Descriptors California, Rates of crplcct er, Serink!s 2 ireiqaton,
Septic tanks. Wastev. ter treatmeiit

This article discussed how some sewage trectrent probloms wers solved
in the stute institutions and other faciitios of the Stcte of Califernic.
There are many treatment methods which were used for s0iving sewoge
problems. One of the methods was the use of hillside sprays for disposcl!
of sewage effluent in rccreational crecs  Three statc parks were selected
to install such systems. A standard trickiing filter type nozzie is used.
This type nozzle has large cleorances. thus giving non-clog cheracter:
istics and low discharge heod requirerments. The cpplication rate 15 not
to exceed 2 in. /week The three stocte porks are Taylor State Park
(Marine City), Port:la Stote Perk [Wost of Palo Alto}, cnd Calaveras Big
Tree Park (Calcvercs City | The pretrecting ir wif cases 15 by septic
tanks
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Sewage sludge has been used with varying degrees of success to replace
fertility of soiis. Sludge contains ditfering amounts of lime, humus,
nitrogen, phosphorus, and potash. Recommended applications are 10
to 60 cu. yd. per acre for flowers. vegetables, and grass ¢nd 10 tons of
wet sludge per acre for orchards. Average s!udge production for the
United States is estimated at one million tons per year. Based on anal-
yses from several cities, this would yield 32 thousand tons of nitrogen,
23 thousand tons of phosphate, and 3 thousand tons of potash. There

1s usually a wide margin between the plant nutrierits removed from

soil and that which is put back. If all siudge produced in 1949 and

1950 nad been used as fertilizer it probably would have increased
production only about 0.5 percent. In spite of this relatively small
yield, nothing should be overlooked to increase our agriculturcl
potential

15¢S FERTILIZER VALLE IN WASTE DISPOSAL METHODS
Van Kleeck, W.
Amer. ¢ Pub Health, <4 349-354, March 7854,

Descriptors Sludge disposai. Recycting nutrients, Connecticut,
Sprinkier irrigation, Cdor

Dried or partially dewatered sewage sludge makes an excellent soil
conditioner and a good . though incomplete, ferti!i»er. Heat-dried

raow octivated sludge is the best sludge product. both chemically and
hygienically, although scme odor mey be encountered in its use. The
rensons why more sludge 1s not used are dis.ussed, as are the advan-
tages and dJisodvantages of broad irri jation and sewuge farming. GCar-
bage composting, both ulone and in connection with sewage sludge, 13
receiving more attontion clthough current practice Ieuv s much to

Fo desired

© g LAGE NiNG AND SPRAY [ISPOSAL OF SELCTRAL SULPHITE
SEAM CHEVICAL BLLP Y LL LIGUOURS
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Lescriptors  Sichigun Foores
Fu'p ane goper vostes

The xperince of the American b- Board Co at 1ts Filer ¢, Michigan,
plont i1n reducing its pollutionai contribution (0 vignistee Luke 15 detatled
The flow of spent liquor wcs 30v 00 god in 1951 with @ BOD of 20, 000-
u, 000 gL Eoch Soore plct recorved an Sy erage of 10 6 n Jdoy
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continuously for 3 weeks. The sandy soil was then allowed to rest for

3 years before sprinkiing ayain. The waste is lagooiied prior to sprin-
kling which removes much of the semi -colloidel lignins that tend to

clog the soil. It was found that native vegetation, left in place, increased
the percolation rate over that of the bare sand. A monitoring weil drilled
to a clay layer at 90 ft hus produced samples showing no trace of contam-
inaticn.

152M  STREAM POLLUTION - ANIMAL PARASITES IN SEWAGE AND
IRRIGATION WATER

¥ 2, W L., andS. G. Dunlop

Sewage Ind. Wastes, 26. 1020-1032, August 1954.

Descriptors. Primary cffluent, Colorado, Wastewater treatment, Public
health regulations.

An investigation was made to determine the efficiency of primary sewage
treatment plus chlcrination, as practiced in the Denver sewage disposal
plant in the removal of animel parasites. The results indicated that

about 20 percent of the Ascaris ova and 46 percent of the End. coli cysts
found in the raw sewage were still present in the final effluent.” However,
the sewage treatment showed a removal of over 99 percent of the coliform
and enterococci. When the effluent joined the South Platte River and the
flow reached Gardeners' irrigation ditch, the number of Ascaris ova

and End. coli cysts were found to be reduced considerchly. The coliform
organisms und enterococci, on the other hand, showed a higher incidence
in tF s ditch than in the effluent. Definite conclusions concerning the
pubiic heaith significance of these findings cannot be stated since little

s known of the minimum infectinn doses of these organisms.

153M  EFFECTS OF LSING LAGOONED SEWAGE EFFLUENT ON FARMLAND

Warrington, Sam L
Sewuge Ind Wastes, 24 1243- 71247, October 7952

Lescriptors  V.asic water treatm:nt, Humon diseases, Recyclina
nutrients, Sclipity .

From a public health standpoint, the degree of treatment and the tvres
of creps grown should be of utmost importance. Where complete
treatment 1s not practiced, the use of the ¢ffluent and crops grown
should be curcfully controlied  Crops which do not come tn contact
with the water may be grown with comparative sofety. In oreas where




salt r.aturclly tends to build up, the water should be used with caution.
Its salt content, particularly chlorides, should be checked often.

The fertifizing value of sewage effluent is great, and when it con be
used, the process can convert a liability into an asset.

1541 SEWAGE EFFLUENT DISPOSAL THROUGH CROP IRRIGATION

Webster, R. A.
Discussion. Sewage Ind. Wastes, 26:133-135, February 1954.

Descriptors: Public health regulotions, Wastewoter fd[.s/pg,sa/ , Seabrook
Farms, New Jersey, Food processing wastes.

The author reviews the history of waste water utilization at Seabrook
Farms, Bridgetown, New Jersey. Two distinct advantages are noted:

(a) a source of water for crops; and (b) recharge of the groundwater.
There has been no evidence of any harmful effects on any potable water
(wells) in the immediate vicinity of the spreading area. It has been a
happy solution to a waste disposal-problem. Before others try the
method, the soil should be carefully &am/'ned with reference to its
absorptive characteristics. The groundwater level should be ascertained
to determine the capacity of such a reservoir: Actual tests give the best
answers and may save much difficulty later.

155 M DEVELOPMENT AND PRESENT CONDITION OF SEWAGE TREATMENT
AND UTILIZATION IN BERLIN

Weiland, K.
Wasserwirt.-Wassertech. (Berlin), 5:229, 1555. Water Pollut. Abstr.,

29: 347(1897), 1956.

Descriptors: Public health regulations, Wastewater disposal, Wastewater
treatment, Sprinkler irrigation, Berlin, Germany.

A detailed description is given of the historical development and operation
of the Berlin irrigation fields and of the construction and design of the
Stahnisdorf and Wassmannsdorf sewage works. The author then discusses
the hygiene of agricultural utilization of sewage, the princioles of oper-
ation, and the necessary precautions and conditions. =




156 M SEWAGE DISPOSAL BY LAND IRRIGATION

Wierzbicki, Jon

Gaz Woda Tech. Sanit. (Warsaw), 26:34, 1952. Abstr., Sewage
Ind. Wastes, 24: 1554, December 1952.

Descriptors: Vegetable crops, Wastewater disposal, Human diseases,
Economic feasibility, Poland.

A description is given of a land /rrigation system in Lower Silesia,
which was built in 1906 and has continued in operation to the present
time. Data are presented on soil variation with depth in irrigated and
nonirrigated soils as well as the humus, P,0s5 and K,0 conterts, and
pH changes. Various vegetables are grown, but are not irrigated
during the growing season. Workers employed in the fields for over
30 years have had no illnesses or diseuse outbreaks that could be
attributed to the agricultural utilization of sewage wastes.

1571  PONDING AND SOIL FILTRATION FOR DISPOSAL OF SPENT
SULPHITE LIQUOR IN WISCONSIN

Wisniewski, T. F., A. J. Wiley, and B. F. Lueck

In: Proc. 10th Ind. Waste Conf., Purdue Univ., Lafayette, Ind., 1955.

p. 480-496.

Descriptors: Wisconsin, Organic loading, Water quality data, Suspended
solids, Pulp and paper wastes.

Laboratory, pilot and field scal= trials of soil filtration of spent sulfite
liquor in Wisconsin suggest the following conclusions. (1) effectiveness
of microbial reaction is reduced if loadings exceed the rates of complete
reaction,; (2) hydraulic loading must be such as to avoid sustained
flooding which results in anaerobic conditions, and (3) geological
conditions must be such as to avoid groundwater contaminatior.

If solids loadings are less than | Ib/sq yd/day (4,800 Ib SS/acre/day ),
BOD removals in excess of 50 percent cre possible. Pulp wastes at
concentrations of 4 to 8 percent suspended solids were filtered at
various rates through various media. BOD removals of 90 percent
were obtained in pilot filters using silty clay and loading at 4, 600 Ib
SS/acre/day. At a solids content of 6 percent this organic loading
would be equivalent to 9,200 gad in terms of hydraulic loading.




»
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158 M FUNDAMENTAL POINTS ’ON AGRICULTURAL UTILIZATION OF
SEWAGE -~

Zunker, F.
Wasserwirt. -Wassertech. (Berlin), 5:258, 1955. Water Pollut. Abstr.,

29:352(1933), 1956.

Descriptors: Water reuse, Europe, Surveys, Costs, Operation and
maintenance. ~

A detailed survey is given of the requireiments and advantages of
agricultural utilization of sewage and of the operation and economics
of different methods.
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~ SECTION IV
ABSTRACTS 1956 THRU 1960

159 S FERTILIZING CHARACTERISTICS OF SEWAGE SLUDGE
Andebson, fyron S.
Sewage Ind. Wastes, 31:678-682, June 1959.

Descriptors: Climatic data, Recycling nutrients, Anaerobic digestion,
50il types, United States .

The chemical composition and fertilizer value of sewage sludge depend
in part on the method of treatment from which the sludge is obtained.
Undigested sludge from secondary treatment has the greatest fertilizer
value. Digested sludge from primary treatment has a lower fertiiizer
value but may be beneficial as a soil-conditioner or mulch. The nitrogen
content of digested sludge is appreciably lower. Heat treatment is rec-
ommended for sanitary purposes before sludge is sold as a fertilizer.

It is important that prospective users be told what to expect from sludge
applied to soil. The plant respofises will vary with type of soil, kind of
plants grown, and climatic conditions.

ko

-

1601 INDUSTRY UTILIZES SEWAGE AND WASTES EFFLUENTS FOR
PROCESSING OPERATIONS

Anonymous

Wastes Eng., 28: 444-448, 1957.

Descriptors: Water reuse, Aerated iagoon effluents.

This article discusses industrial use of sewage and wastes effluents.
Several examples of reuse are cited.
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151M DON'T WASTE EFFLUENT
Anonymous
- Wastes Eng., 30: 205, April 1958,

Descriptors: Groundwater recharge, Golf courses, Public health
- regulations, Human diseases, Water reuse.

ecially in water short areas, it is seen that sewage effluent can be put
to good-use for crops, landscape, decorative lakes and groundwater
recharge., The statement is made that no disease transmission or nuisance
has been caused by the use of sewage effluent on golf courses.

162S  SEVIAGE SLUDGE AS SOIL CONDITIONER

Anonymous
Water Sewage Works, 105:489, 1958. Pub. Health Eng. Abstr., 39:5:46.

Descriptors: Greenbelts, Economic feasibility, Sludge disposal,
Surveys. .

The results of a national survey are presented. Reports the increased
sale and demand for sewage sludge to be applied to soil in recent years.
Many examples and case histories are cited. Sludge analyses, sales
trends, prices, etc., are tabulated for a large number of cities where
sludge is sold. Sludge is recommended for lawns, parks, and flower
gardens. It deepens the color of grass and stimulates a luxurious growth
that is noticeable for longer than one season. It should be applied late in
March and again in September, if desired. It provides needed humus as
well as a moderate amount of nitrogen to flower garden soils.

163S SEWAGE SLUDGE AS SOIL CONDITIONER

Anonymous
Water Sewage Works, 106:424, 1959.

Descriptors: Sludge disposal, Recycling nutrients, Public health
regulations, Anaerobic digestion, United States.

This article discusses the use of sewage sludge by farmers and gardners
in the United States, methods of processing the sludge and its fertilizer
value, how to use the sludge and the safety of using sludge.




164 M TRAVEL OF POLLUTION, AND PURIFICATION EN ROUTE, IN
SANDY SOILS .

Baars, J. K.

Bull. World Health Organ., 16:727-747, April 1957.

Descriptors:” Netherlands, Groundwater contamination, Soil types.

The travel of pollution in sandy soils, and the extent to whick purifica-
- tion takes place en route are discussed, with special reference to the
possible contamination of ground water--a problem of particulor impor-
tance in the Netherlands. Two types of soil pollution are considered:
severe pollution of surface layers with matter concentrated in a small
volume of water and moderate pollution of the surface layers with

matter contained in large quantities of water. Self-purification is
sufficient to prevent contamination of the groundwater, provided the
soil is very fine, and in the case of the first type--dry and well aerated,
and provided that the groundwater level is not too high or the rate of

infiltraticn too great. ‘
~

7155M PUBLIC HEALTH ASPECTS OF WATER REUSE FOR POTABLE
SUPPLY

Berge:, B. B.

J. Amer. Water Works Ass., 52: 599-606, May 1960.

Descriptors: Water reuse, Kansas, Water quality data, Human diseases.

The author discusses the feasibility of treating sewage so that the re-
claimed water may serve all municipal purposes, including water for
drinking. The recent reuse experiences of Chanute and Lyndon, Kansas,
are described. It was concluded that modern sewage treatment processes
are designed to produce cn effluent that will be easily assimilated by

the receiving body of water, and that they are not intended to produce a
water suitable for ¢ municipal water supply.

1661 STREAM IMPROVEMENT THROUGH SPRAY DISPOSAL OF
SULPHITE LIQUOR AT THE KIMBERLY-CLARK CORPOR-
ATION, NIACARA, WISCONSIN MILL

Billings, R. M.

In: Proc. 13th Ind. Waste Conf., Purdue Univ., Lafayette, Ind., 1958.

p. 71-80.

Descriptors. Sprinkler irrigation, Organic loading, Rutes of applica-
tion, Wisconsin, Pulp and paper wastes.
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Spent sulfite liquor is sprayed directly on land from tank trucks. The
liquid loading rate is 9.3 in./day. Costs exceeded $110,000 for installa:
tion not including the cost of the trucks but including pipeline trans-
mission and storage. It was concluded thet organic loadings should not
exceed 1 Ib of solids per square yard per day (4,840 Ib/ccre/day). The

soil system consisted of 70 to 90 feet of sand above the groundwater table.

167 M  THE EFFECT OF SPRINKLING IRRIGATION WITH SEWAGE ON
THE PRODUCTIVITY OF MEADOWS AND SOME BIOCHEMICAL
PHENOMENA IN THE SOIL

Bocko, J.

Chem. Abst., 52: 15808, 1958. Abstr., Soils Fert., 19:2471, 195€.

Descriptors: Rates of application, Sprinkler irrigation, Soil types,
Forage crops.

On deep, light, atluvial soil, increoses in hay yields cbtained by irri-
gation with sewage at rates ranging from 90 to 510 mm/ha were directly
proportioned to the amount of sewage applied, and amounted to about

2 quintals/ha for each 100 cu.m. of sewage (100 mm/ha). The highest
hay yield ot 137 quintals/ha was obtained where sewage was applied

at the rate of 510 mm/ha. Irrigation with sewage markedly increased
the number of bacteria in the surface soil layer.

1681 OBJECTIVES AND PROCEDURES FOR A STUDY OF SPRAY
IRRIGATION OF DAIRY WASTES

Breska, G., etal.

In: Proc. 12th Ind. Waste Conf., Purdue Univ., Lafayette, Ind., 1957.

p. 636-652.

Descriptors: Costs, Dairy wastes, Sprinkier irrigation, Wisconsin,
Rates of application.

A study was conductec of 6 existing spray irrigation: facilities in central
Wisconsin. Soils ranged from sandy loams to silt loams. Application
rates ranged from 0.13 to 0.29 in. /hr. lIrrigated and unirrigated soils
were analyzed for different chemical and physical characteristics. Cap-
ital costs for dairy waste soray irrigation systems ranged from $1, 100
to $2, 300 per mgd.
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71651  COMMINUTED SOLIDS INCLUSION WITH SPRAY IRRIGATED
CANNING WASTE

‘Canbiam, Robert A.

Sewage Ind. Wastes, 30:7028-1049, August 1958.

Descriptors: Sprinkler irrigation, Economic feasibility, Clogging
(soil), Minnesota, Food processing wastes.

1Y)

Although spray irrigation of liquid wastes was known to be successful,

the separat> disposal of solids was expensive and the possibility of using
spray irrigation was explored. The study concluded that spray irriga-

tion with solids is feasible and economical provided mechanical difficulties
of grinding and clogging are overcome. The soil of this field in Montgomery,
Minnesota, iranged from pcor to well drained and absorbed seven inches of

- waste in 45 days.

7701  INDUSTRIAL WASTE DISPOSAL BY SPRAY IRRIGATION

Canham, Robert A.
Southwest Water Works J., 41:14-16, 78, 20, 22, 7959.

Descriptors: Sprinkler irrigation, Odor, Costs, Scil types, Forage
crops.

The author discusses the many advantages of waste disposal by spray
irrigation. Among these are: (1) affords complete and adequate treat-
ment; (2) minimizes offensive odors; (3) cost of operation compares
favorably with other disposal methods; and (4] does not require highly
trained personnel.

Soil characteristics and cover crops are important considerations for
successful operation. Recommends that wastewaters be screened before

spraying.

171 M SPRAY DISPCSAL OF DOMESTIC WASTES

Chase, William J.
. Pub. Works, 91:137-141, May 7960.

Descriptors: Spray disposal, Vegetation damage, Soif types, lon
exchange.

Empkhasizes the need for proper disposal methods in relation to spray
irrigation of pasture and wcoded areas with domestic wastes. Require-
ments are given in regard to pretreatment, allowable volumes according
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to conditions, spray-nozzle Grrangement, prevention of harm to foliage,
and cther details of application. Deep silty soil is preferable. Clay
subsoil may lead to bad effects from adsorption of sodium through ion-
exchange.

172 M UTILIZATION OF WASTE WATERS
Connell, C. H.
Ind. Wastes, 2:148-151, 1957. Pub. Hedlth Eng. Abstr., 38:5:50.

Destriptors: Texas, Water reuse, Wastewater disposal, Operation
and maintenance.

In Texas, indirect reuse of water can seldom be procticed because few
streams have sufficient flow to dilute and purify a plant effluent and
carry it to a downstream water intake. Texas uses more sewage effluents
for cooling and boiler makeup water than any other state. The total use
of these waters in Texas is lecs than 4 mgd, or abcut one-half the total
amount of such waters used :n the U. S. The big users of sewage ef-
fluents are the Cosden Petroleum Co-poration of Big Spring, Texos, and
the Texas Company of Amarillo, Texas.

173 M INDUSTRIAL UTILIZATION OF MUNICIPAL WASTEWATER
Connell, C. H., ond E. J. M. Berg
Sewage Ind. Wastes, 21:212-220, February 1959.

Descriptors: Wastewater disposal, Water reuse, Pubiic health
regulations .

Industrial use of municipal wastewater const: .ites approximately one
percent of the total available. The potential use may be as high as 25
percent.

Experience, to date, indicates that municipal wastewater can and should
be given more consideration as a source of industrial water supply. This
may lead to increased use, especially in areas where competition for water

is increasing. Nineteen industrial plants are listed that now use munici-
pal wastewater supply. No adverse health effects have been observed

in such usage.

i741 SPRAY IRRIGATION OF CER AIN SULFATE PULP MILL WASTES
Crawford, S. C.
Sewage Ind. Wastes, 30: 1266-1272, October 1958.
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Descriptors: Virginia, Rates of application, Soil physical properties,
Pulp and paper wastes, Sprinkler irrigation.

Kraft pulp mill wastes from the Union Bag-Camp Corp. plant at Franklin,
Virginia, were disposed of by spray irrigation. Evaporator condenscte,
digester condensate and dregs washings amounting to 1 mgd were
iagooned prior to spraying. Application rates to the highly permeable
Norfolk sand were 3.6 in./wk. Wastes were sprayed at 0.45 in. /hr for
8 hr once a week on each 16 acre plot. Crops grown included corn,
peonuts, soybeans, tomatoes, and melons. Some 50 acres of woodlands
were also sprayed. The wooded areas received more than 3.6 in./wk
and some ponding has occurred. The total land and installation costs
amounted to $75, 000.

775M HAY PRODUCTION OF SMALL GRAINS UTILIZING CITY SEWAGE
EFFLUENT

Doy, A. D., and T. C. Tucker

Agron. J., 52: 238-239, 1960.

Descriptors: Southwest U.5S., Forage crops, Water reuse.

City sewage effluent can be utilized efficiently to produce hay from small
grains in the irrigated areas of the Southwest anid possibly elsewhere

in the United States and the world where small grains benefit from
supplemental jrrigation water and fertilizer. :

776 M PRODUCTION OF SMALL GRAINS PASTURE FORAGE USING
SEWAGE EFFLUENT AS A SOURCE OF IRRIGATION VWATER
AND PLANT NUTRIENT

Day, A. D., and T. C. Tucker

Agron. J., 51:569-572, 1959.

Descriptors: Grain crops, Wastewater disposal, Sprinkler irriga-
tion, Recycling nutrients, Tucson, Arizona.

Barley, oats and wheat produced superior yields when irrigated with
sewage effluent as compared to well water. Yields of barley were 212
percent times the well water control, wheat was 363 percent higher than
its control and oats yieids were 349 percent of its control. When compared
to well wcter with the fertilizing equivalents of sewage, both oats and
wheat yields were still superior, while barley yields were 22 percent

less.




“its sewage treatment plant since 1932. In the past 14 years, its dried -

177S  SALE OF "RAPIDGRO" GI 5 GRAND RAPIDS $150,000 REVENUE
FROM DRIED SLUDGE

Delano, E. H. —_

Wastes Eng., 28: 30-31, 1957.

Descriptors: Michigan, Costs, Operation and maintenance, Surveys.
The city of Grand Rapids has produced an organic soil builder from

sludge sales Fave totaled $150,975 against operating costs of $87,771.
Analyses of the sludge are given. The cost and other manufacturing
aspects of "RAPIDGRO" production are discussed in detail.

1781 WATER USE IN INDUSTRY

Derby, Ray L.

Amer. Soc. Civil Eng., J. Irrigation Drainage Liv., 83(IR2): 1-9,
June 1957.

Descriptors: Water reuse, Water quality data, Costs, Water quality
star.dards.

This article briefly discusses the three major considerations cf industrial
water use: quantity, quality, and reuse. A listing of the average water
use in some typical industries is presented. V ‘hods of water treatment
are divided into seven classes, and water qua..., requirements for var-
jous industries are given. The savings in cost and in water quantity

requirements brought about by the reuse of water are considered.

1791 CANNERY WASTE DISPOSAL AT GERBER PRODUCTS
Dietz, Max R., and Ray C. Frodey
Compost Sci., 1:22-25, March 1960.

Descriptors: Food processing wastes, Sprinkler irrigation, Michigan.
Spray irrigation as a means of dispusing of cannery wastes has given

satisfactory results at the Fremont, Michigan plant of Gerber Products
Company. The operation is described.

,G/OM CROP IRRIGATION WITH SEWAGE PLANT EFFLUENT
Dye, E. O.
Sewage Ind. Wastes, 30:825-828, 1958.
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Descriptors: Wastewater disposal, Sprinkler irrigation, Recycling
nutrients, Public health regulations, Tucson, Arizona.

Irrigation with sewage effluent makes use of water which contains some
niutritional value and which is usually wasted. It aids the economy of an
area and reduces the pollution loads on a watercourse, especially a dry
stream. With few adaptions, it produces no hazards to operators and
others. Numezrous facts are now available favoring the use of sewcge
effluents for crop production. Sound sanitary principles are required
in application. The increased yield of farm products is a major induce-
ment.

1811  SPRAY IRRIGATIONW OF FOOD PLANT WASTE WATERS
Ebbert, S. A.

Presented at the 30th Annua! Meeting, Federation or Sewage and
Industrial Wastes Associations, University Park, Pennsylvania,
August 13-15, 71958.

Descriptors: Food processing wastes, Odor, Groundwater recharge,
Sprinkler irrigation, Pennsylvania.

Spray irrigation is attractive to canners for four reasons: (1] its
relative economy compared to other treatment methods, (2) complete
elimination of stream pollutior, (3) absence of odors, and (4) potentials,
that may benefit the canners such as groundwater recharge, nutrient
addition to,soils, and irrigation of edible crops. The land area required
is dependent upon soil type, cover crops, temperature, humidity, can-
ning season, and rainfall. Slopes up to 8 percent have been observed

to be successful, but maximum slopes are dependent upon soil charac-
teristics, -cover crop, and application rate.

Crops such as peas, corn, and grains have been used .with limited
success but usually result in over-watering. Natural wooded areas

with application rates 10 times as high as open fand have been reported.
Other design guidelines are given for screening, pumping, distribution,
and st 9y nozzles. Considerations for future study include (1) pH
limits "¢ crops and soils, (2) tolerances for wooded area applications,
(3) effect of including comminuted solids, and (4) effects on crops.

782S  SLUDGE UTILIZATION AND DISPOSAL
Fleming, J. R.
Sewage Ind. Wastes, 31:1342-1346, November 1959.

'Descriptors: Sludge disposal, Recycling nutrients, Southeast U.S.,

Survey., Fertilizer value.
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Presents a resume of general methods of s!udge disposal and summarizes
method< used in 28 towns in Alabama, Arkansas, Florida, Kentucky,
South Carolina, and Tennessee. Soil conditioning and fertilizer value
of digested sludge are discussed, as are problems associated with the
agricultural use of sludge.

1831 DISPOSAL OF PULP AND PAPERMILL WASTE BY LAND
APPLICATION AND IRRIGATION USE

Gellman, 1., and R. O. Blosser

In: Proc. 14th Ind. Waste Conf., Purdue Univ., Lafayette, Ind., 7959.

p. 479-494.

Descriptors: Pulp and paper wastes, Soil physical properties, Microbial
degradation, Sprinkler irrigation, Reviews.

Some of the reasons for increased attention being given land disposal of
mill effluents are briefly reviewed. Factors considered important to such
disposal are: physical characteristics of the soil, microbial activity, and
organic decomposition in the soil. Current land and crop irrigation prac-
tices are discussed. Water quality as required for irrigation and the
problem of water salinity are considered. Results of 18 mill studies are
summarized and additional studies sugges.ed.

184 M SEWAGE SALINITY PREVENTS USE OF EFFLUENT FOR GOLF
COURSE IRRIGATION

Guymon, Boyd E.
Wastes Eng., 28: 80-83, 1957.

Descriptors: Sprinkler irrigation, Golf zourses, Salinity, California,
Costs.

The salinity of the treated sewage cf the city of Coronado, California,
was found to be too high to permit its use for irrigating a proposed
18-hole public golf course on land bordering San Diego Bay. The
annual cost of irrigating the tract with the municipal supply was
estimated to be $26,000. The author presents salinity data for both
the public water supply and the sewage, covering a typical 24~-hour
day. A method of separating the merging flows of two mGin outfall
sewers, one high in salinity and the other acceptable, is illustrated

end Hriefly explained.




185M WATER REUSE IN TEXAS
Gloyna, E. © , W. R. Drynan, and E. R. Hermann
J. Amer. Wat: r Works Ass., 57:768-780, June 1959.

Descriptors: Costs,. Texas, Water r« se, Wastewater disposal. Water
quality standards.

The possible reuse of wastewater throughout the eastern one~third of
‘Texas was investigated. The factors studied were: (a) wastewater
quantity,; (b} criteria of quality; (c) needs and cost of reclamation;
(d) effects of public opinion on such reuse; and (e) administratici of
the reuse program. Numerous data were collected, calculat/ons made,
and the results presented in tabulations and graphs.

»

186 M  THE BEEF TAPEWORM, MEASLY BEEF, AND SEWAGE--
A REVIEW ]

Greenbery, A. E., ond B, H. Dean

Sewage ind. Wastes, 30:262-269, March 1958.

Descriptors: Arizona, Forage crops, Huran diseas»s, Primary_
effluent. o

In man, the tapeworm lives in the intestinal tract and discharges ripe

" eggs with the feces of its host. Cattle become infected by ingesting con-
taminated water or grass. The eggs hatch in cattle, the larvae migrate
to muscle tissu.2, and the larvae become encased in cysts or measles.
The cycle is completed by man eating raw or rare measly Ebeef.

Measles were cbserved in beef grazed on Melbourne's sewage farm in
1933. In Arizona, 23 of the %5 cattle grazing on the sewage farm irrigated
with primary effluent were infecicd with beef measles. Conventional
sewage treatment operations are inadequate in the removal of tapeworm
eggs, however, sand filtration or microstraining will remov 2ags
comnpletely.

187 M  IRRIGATION AND UTILIZATION OF SEWAGE RESIDUES
(HYGIENIC REGULATIONS)

Hgrmsen, H.
Staedteh. (Hamburg), 8:25-27, 1957. Water Pollut. Abstr., 30:385(2182),

1957.

Descriptors: Human diseases, Surveys, Sprinkler irrigdtion, Legal
aspects, Germuny.




==gnd the use of sewage, the author surveys work done a

£

_other work relative to bacteria and virus infections of raw vegetables.

In June 1952, the Texas Board of Health approved a resolution Héfinmg

-

In view of the objections raised, especially from a hyéienic point of vievs,
to the provisions of DIN 19650 issued in 1956 and dealing with irrigation . .
legal enact-

ments on the hygienic problems of use of Sewage on lakd .

‘\ : \
188 M TEXAS APPROVES IRRIGATION OF ANIMAL CROPS WITH SEWAGE
PLANT EFFLUENTS -

Herzik, G. R., Jr.
Wastes Eng., 27: 418-421, 1956.

Descriptors: Vegetabje crops. Texas, Primary effluent, Public health
regulations, Economic feasibility.

The author reviews the findings of Willem Rudolfs, etal., - [R .
concerning the growing of vegetables in polluted soil. Als. . .rsto”

its stand on this matter, as follows:

"The use of rbw or partially treated sewage or the
effluent from a sewage treatment plant is prohib-
ited for use as irrigation water on any food crop
which might be consumed in the raw state. Such
- practice.is the deliberate exposure of food to fiith
as defined by Art. 707 of our Texas Penal Code." .
Outlines the point of view of the State Department of Health regarding the
public health aspects of sewage irrigation as follows:

1. Do not favor use of raw sewage for irrigation
regardless of type of crop. Sewage effluent
receiving at least primary treatment may be
used for irrigation, but not for crops for
human consumption. Encourages use of
primary-tregtey, and preferably completely
treated, sewage on feed and pasture crops
used for ariimal’ consumption, or as an adjunct
to soi! conservation practices.

2. The practice skould be followed in suc/(?\; way
as to prevent the creation of a public heaith |
hazard, nuisance, or stream pollution.

3. If handled properly, the sewage used at an
irrigation farm should not be hazardous to the

operators.
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4. Sewage sludge has certain soil conditioning and
fertilizing characteristics. It likewise is not
recommended for use on crops for human con-
sumptlion. .

' " 5. Sewage irrigation makes use of water that is
\ " 'usually wasted, aids the area economy,

*  reduces pollutional loads on streams, and is
not hazardous to the operators. From these
considerations, its continued favorable con-
sideration is heartily endorsed.

- ~

l -

5

189 M UTILIZATION CF SEWAGE FOR CROP IRRIGATION IN ISRAEL
Heukelekian, H.
Sewage Ind. Wastes, 29: 868—874 August 1957.

Descriptors: Odor Economic feasibility, Activated sludge effluents,
Sprinkler irrigation, Israel.

Distinction is drawn between the disposal of sewage on land and the
utilization of sewage for crop production. Failures and difficulties
encountered with the former need not arise when utilization is the main
_objective. With.land disposal systems, the tendency is to apply more
‘sewage to a limited area than can percolate through the soil. Water-
logging of the soil and odors result. When application is geared to the
needs of the soil and crop, these problems do not arise. Under proper
climatic and soil conditions and with proper control, irrigation with
sewage effluents need not create nuisance conditions or health hazards.
In certain aréas of the world, crop irrigation is an economic necessity
for the development of agriculture and, at the same time, it can solve

~ the sewage disposal probiem.

Sewage effluents are proposed as a resource to augment present water
supplies and allow further expansion of irrigated agriculture. Factors
affecting the successful utilization of sewage for crop production are dis-
cussed. Two alternatives for the treatment of irrigation sewage are
suggested:

1. The sewage could be subjected tc secondary treat-
_ment and thorough disinfectinn and the effluent
used for unrestricted crop irrigation.

2. .. The sewage could be given minimum treatment and

the effluent utilized without disinfection for irri-
gation of crops not eaten raw by human beings.
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Experiments are described which comparéd sewage irrigation with munic-
ipal water supply. Significantly greater yields on sewage-irrigated plots
were attributed to regular supply of nutrients throughobt growing segson
instead of just at beginning.

790 M SEWAGE REUSE (Literature Review)
\-Heukelekian, H. (Chairman}
Sewage Ihd. Wastes, 31:534-536, May 1959.

Descriptors: Rates of application, Sprinkler irrigatior, Europe, Ground-
water recharge, Reviews. ”
This review of the literature of 1958 tells of many examples of sewage
effluent reuse for irrigation and groundwater recharge. |In Israel, it is
used in an area of sand dunes at the rate of 85, 000-100, 000 gpd per acre, -
ten times the agricultural irrigation rate. Eastern European countries
have obtained yields 5-6 times the normal by using sewage for irrigation.
*In recharging, bacteria have been found to move only 100 feet maximum
with the water, practically insuring that this pollution will not affect’

" groundwater sources. :

79711  SPRAY IRRIGATION OF WOOD DISTILLATION WASTES
Hickerson, R. C., and E. K. McMchon ’
» J. Water Pollut. Contr. Fed., 32:55-64, January 1960.

Descriptors: Sprinkler irrigation, Wastewater disposal, Organic loading,
Forage crops.

Spray irrigation seems particularly suited for nontoxic, high BOD, water-
solublé organic wastes. Greenhouse and field tests were run, using fescue,
blue grass, rye grass and ladino clover.

Utilization of these wastes for irrigation greatly alleviated a stream nollu-
tion problem. It proved a useful and practical means for industrial waste
disposal at the Wrigley wood distillation plant. “

»~

Steps to be followed in evaluating a particular waste disposal problem are
suggested. .

7921 EVALUATION OF BROAD FIELD DISPOSAL OF SUGAR BEET
WASTES

Hopkins, Glen, Joe Neel, and Francis Nelson

Sewage Ind. Wastes, 28: 1466-1474, December 1956.
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Descrl:ptors: Nebroska, Spray disposal, Water quality data, Nutrient
removal, Surveys.

In a continuation of a project begun in 1953, industrial wastes from the
Great Western Sugar Company in Bayard, Nebraska, were applied to a
field as a treatment process. Significant waste 'oad reductioris were
realized for SS, turbidity, BOD, and nitrogen. Phosphates were un-
changed while roliforms increased. The test was run in late October,
when temperatures range from highs of 56-78° F to lows of 21-37° F at ~
night.

71931 SPRAY IRRIGA TION USES CANNERY WAHSTES
Jackson, Frank A.
West. Canner Packer, 49: 14-15, November 1957.

Descriptors: Washington, Wastewater dispos&l, Forage crops, Overland
flow, Costs.

The Green Giant Company in Dayton, Washington, utilized a 20-acre plot
to dispose of canning wastes at a rate of 4 inches every 5 days. The
cover crop is grass and although some probiems of ponding and runoff
were encountered, it is now a successful operation at a reasonable cost.

194M  UTILIZING THE DECOMPOSITION OF ORGANIC RESIDUES TO
INCREASE INFILTRATION RATES IN WATER SPREADING

Johnson, Curtis E.

Trans. Amer. Geophysical Union, 38:326-332, 1957.

Descriptors: Nitrification, Soil types, Microbial degradation, Rates of
application.

Decomposition rates were determined for several plant residues which
were incubated under controlled conditions in the absence of soil. Three,
ronging in rates from high to low, were mixed with soil and incubated.
Decomposition rates with soil were similar to those without soil. Micro-
bial counts made during decomposition of the plant residues in soil
showed the greatest number of microorganisms occyrred in the soils
containing plant residues which cecompose rapidly. Ammonium nitrate
mixed with the soil stimulated decomnposition slightly. .

Percolation rates of soil mixed with orgonic residues varied with the
amount of material opplied, decomposition rate of the material, and length
of the incubation period. The studies indicate ihat initial decomposition
at a moisture content near field capucity, followeq by decomposition at
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near saturation, produces the highest infiltration rate for a given amount
of organic residue. Data are given and the use of organic residues io
increase the infiltration rate of water-spreading areas is discussed.

195M NOT A DROP WASTED
Johnson, William E.
Amer. City, 73:111-112, February 1958.

Descriptors: Washington, Forage crops, Grain crops, Sprinkler irrigation.

The city of Ephrata, Washington, sells its effluent to be used for irriga-
cion. Hay and corn are the prjpcipal crops grown. Presently, 80 acres
are beirg irrigated.

1961  EXPERIMENTAL SPRAY IRRIGATION OF PAPERBOARD
MILL WASTES

Koch, Harold C., and D. E. Bloodgood

Sewage Ind. Wastes, 31:827-835, July 1959.

Descriptors: Forage crops, Ohio, Pulp and paper wastes, Rates of
application, Sprinkler irrigation.

Paper mill effluent was successfully applied to land planted in alfalfa a*

St. Mary's, Ohio, through both summer and winter.months. The effluent -
receives treatment of screening and is pumped to the field at a water
temperature of about 90° F, Average rate of applicatiorr was 0. 28 inches
per day, of + .ich 0.08 inches is rainfall. Crop yields were called very
good and no damage to soil or plants was noted, even after the winter

spraying.

797 M  UTILIZATION OF SEWAGE FOR IRRIGATION

Kowalski, J.

Nasa Veda (Czechoslovakia), 6:68-72, 1959. Water Pollut. Abstr., 28:93
(467), 1959.

Descriptors: Czechoslovakia, Ezonomic feasibility, Sprinkler irrigation,
Wastewater treatment.

On the basis of cclculations to determine the most economical method of
sewage treatment for Bratislava, Czechoslovakia, the author recommends
disposal by irrigation.

g
£
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798 M DIRECT DISCHARGE OF GROUND WATER WITH SEWAGE
EFFLUENTS

Krone, R. B., P. H. McGauhey, and H. B. Gotaas

Amer. Soc. Civil Eng., J. Sanit. Eng. Div., 83(SA4): 1-25, August

1957,

Descriptors: Raw sewage, Groundwater recharge, Groundwates nove-
ment, Activgbed sludge effluents, California.

This paper presents the concfusions of a three year study of the technical
feasibility and public health safety of injecting sewage effluent directly
into underground aquifers conducted by the Sanitary Engireering

- Research Laboratory, U.C. Berkeley under the sponsorship of the
California State Water Pollution Control Board.

Mixtures of settled raw sewage and water were used to recharge a 5-ft
thick confined aquifer located 95 ft underground. Observation of pres-
sure and of pollution travel were made in 23 sampling wells surrounding
the recharge well.

it was found that bacterial pollutants traveled a maximum of 100 ft in the
direction of normal groundwater movement even though steep gradients
were imposed. (Coliform concentration of 2.4 x 10® per 100 ml produced
counts up to 23 organisms per 100 ml at a distance of 100 feet from recharge
well). The maximum distance of travel was quickly reached, but intensity
of pollution regressed as the aquifer faced in the recharge well became
increasingly clogged. Sewage approximating the final effluent from
' secondary sewage treatment in terms of suspended solids, could be
successfully injected underground through the experimental recharge
well at a rate equal to about one~half the safe yield of the well. it was
found that the well could be redeveloped to restore its original charac-
teristics, after clogging has progressed to any maximum limit consistent
- with safety. An injection rate of 8.4 gpm/sq ft of aquifer, equal to the
best reported for fresh water recharge, was found to be practical.

1

2

799 M  MOVEMENT OF COLIFORM BACTERIA THROUGH POROUS
MEDIA .

Krone, R. B., G. T. Orlol,, and C. Hodgkinson

Sewage Ind. Wastes, 30:1-13, January 1958.

Descriptors: Coliforms, Wastewater treatment, Soil types, Deep
percolation.

Research was conducted on bacterial movement through four sand columns.
The removal of bacteria was fourid to be by straining and by sedimentation.

When the voids near the soil surface become sufficiently filled to remove
bacteria by straining, the straining removal rate increases.

87

Q 114




The sedimentation removal mechanism has a relatively great saturation
capacity. Its removal rate is a function of the flow rate and the size and
density of the bacterial cluster. This mechanism becomes saturated first
at the soil surface and controls the subsequent passage of Eacteria.

200M SPRAY IRRIGATION FOR THE REMOVAL OF NUTRIENTS IN
SEWAGE TREATMENT PLANT EFFLUENT AS PRACTICED AT
DETROIT LAKES, MINNESOTA

Larson, W. C.

In: Algae and Me*ropolitan Wastes--Transactions of the 1960 Seminar.

U.S. Dept. Health, Education and Welfare, Washington, D.C., 1960.

p. 125-129. .

Descriptors: Minnesota, Costs, Vegetation damage, Nutrient removal,
Sprinkler irrigation. :

This report gives a case histery of a problem at Detroit Lakes, Minnesota.
An abnormal algae bloom in a recreationgl lake causéd a fish kill. The
solution decided upon was to spray irrigate a 4-gcre tract of wooded land.
Heavy application of effluent (0.3 in. /hr for 20 hr) killed some trees.
Because of the gravel nature of soil, little removal was accomplished.
Samples from a test well indicate that all minerals in the analysis in-
creased in concentration. Installation costs are included.

2011  SPRAY IRRIGATION OF DAIRY WASTES .
Lawton, Gerald W., etal.
Sewage Ind. Wastes, 31:923-933, August 1959.

Descriptors: Wisconsin, Dairy wastes, Sprinkler-irrigation, Organic
loading.

About 30 milk plants in Wisconsin use spray irrigation fer the disposal of
wastes. It has proven to be satisfactory and economical. Of prime con-
sideration are volume of wastes and the cations present; BOD loading is
much less significant. Winter spray irrigation is possible, but the result-
ing ice usurlly kills the cover crop  Alternates, such as ridge and furrow
irrigation, have been successful.

2021  EFFECTIVENESS OF SPRAY IRRIGATION FOR THE DISPOSAL OF
DAIRY PLANT WASTES

Lawton, G. W., etal.

Wisconsin Univ. Eng. Exp. Sta. Res. Rep. 15,"Madison, Wis., 1960.

59p. ‘




Descriptors: Dairy wastes, Wisconsin, Spray disposal, Odor, Soil types.
e
The use of spray irrigation of dairy wastes was studied in detail at five
Wisconsin farms near Madison. The conclusion of this study was ‘thar this
method is practical, satisfactory and economical although disposal of wastes
in winter necessitated the use of another method. Realistic average appli-
cation rates of 0.23 inch oer hour were realized -with cover crops of blue
gruss, quack and brome. Odor problems were minimal except in operations
where ponding was allowed to occur. Soil ranged from sand to sand laam
and foans.

203S  SLUDGE DISPOSAL PRACTICES IN THE PACIFIC NORTHWEST
Leaver, R. E. - e
Sewage Ind. Wastes, 28: 323-328, March 1356. -

Descriptors: Washington, Recycling nutrients, Economic feasibility,
Wostewater disposa.’, Costs.

Summarizes the sludge disposal practices at several communities in the
Pacific Northwest, principally the State of Washington. Four communities
are cited as typifying current practice in the dispasal of liquid siudge.
Some of it is sold, dnd some is free to privGte haulers. Other examples
are cited in which communities dispose of air-dried digested sludge and
filter-dried siudge. Income from sales is given. Fertilizing ingredients
are compared in tabular form for various types of sludge, manures, and
other organic materials. The Washington State Department of Health,
"General Guide for the Utilization and Disposal of Sewage Sludge, " is
presented as an appendix to the report. -

204 1 EFFECT OF CANNERY WASTE REMOVAL ON STREAM
CONDITIONS

Lunsford, J. V.

Sewage Ind. Wastes, 29: 428-431, April 1957.

Descripiors. Washington, Sprinkler irrigation, Water quality data,
Rates of application, Forage crops.

The Green Giant Cannery in Dayton, Washington, used spray irrigation
of wastes advantageously, greatly improving stream quality in terms of
BOD and DO. The westes, having an average 30D of 5000 ppm were
pumoed at a rate of 1.92 mgd to 100 acres of land, 80 of asparagus and

20 of pasture grass. Applying at a rate of 4 inches per day every 5 days,
ponding resulted, causing much of the grass to yvellow. However, after
the cessation of the spraying after 6_weeks of cperation, superior crop
yields were realized.




205 M DRAINAGE OF AGRICULTURAL LANDS, Madison
Luthin, J. N. (ed.)
Amer. Soc. Agronomy, Monogram Series No. 7, 1957. 620 p.

Descriptors: Tile drainage, Wastewater disposal, Subsurface drainage.

) Theoretical, engineering and investigative aspects of loend drainage are
discussed. Drainage problems of irrigated lands are generallv caused
by over-irrigation and seepage from canals delivering the irrigation
water. Drainage is important not only to remove excess water but also
to provide a medium for the removal of saits from the soil where evapo-
transpiration exceeds precipitation. Tile drains, open ditches, or
drainage wells are used for subsurface drainage.. The effect of iand
drainage on soils and crops is also discussed.

206 1 DAIRY WASTES: DISPOSAL BY SPRAY IRRIGATION ON
PASTURE LAND .

McDowall, F. H.

Dairy Eng., 75:251-254, 266, 7958.

Descriptors: New Zealand, Sprinkler irrigation, Wastewater disposal,
Dairy wastes.

The author discusses the disposal of effluents from New Zealend dairies
by irrigation and describes a typical installation using high-pressure
rotating sprays and a suitable irrigation technique. He gives the
reasons why this method is particularly applicable in New Zealand.

207M THE WHY AND F.OW OF SEWAGE EFFLUENT RECLAMATION
WATER AND SEWAGE ,

McGauhey, P. H.

Water Sewage Works, 104: 265-270, 1957.

Descriptors: Groundwater regharge, California, Economic feasibility,

Flood irrigation.

The author discusses the need for sewage reclamation in California and
the amount of water available from sewage. The total volume of water
which could be reclaimed would be only eight percent of that required

for crop irrigation but would be of more value for industry and irriga-
tion purposes in towns. Sewage effluent can pe used to recharge
groundwater supplies by spreading on the soil. The bacteria present
are reswved during the first four feet of travel through the soil. Ground-
water may also be recharged by direct injection of effluent into water-
bearing strata. Bacteria do not travel more than 100 feet in moving
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L groundwater. The author considers the present use of effluents and
) siggests mcihods of increasiﬁg fyture use.

208 M- DAIRY WASTE DISPOSAL BY SPRAY IRRIGATION
McKee, Frank ‘
Sewage Ind. Wastes, 29:157-164, February 1957.

Descriptors: Water reuse, Dairy wastes, Sprinkler irrigation, Canada,
Odor.

Dairy plants, often relatively small and rurally located, find that disposal

of processing wastes is an acute problem. Disposal of their wastes to

the city sewage treatment plant, if one exists, is undesirable because

the wastes are not adequately treaied by conventional means. However,

. spray irriqgation has been successfully used as far north as Berwick,

; Ontario, Canada, and elsewhere at rates up to 10,000 gpd per acre.
Winter operations have beer: successfully carried cut in some locations
with buried pipes, while other facilities use other systems during freez-
ing weather. Runoff and odor problems have been minimal.

L3

209 1 EXPERIMENTAL SPPAY IRRIGATION CF STRAWBOARD WASTES
Meighen, A. D. '

In: Proc. 13th Ind. Waste Conf., Purdue Univ., Lafayette, Ind., 1958.
p. 456-464. A
Descriptors: Indiana, Rates of application, Soil types, Pulp and paper
wastes, Sprinkler irrigation.

An experimental 4.5 acre plot was sprayed with strawboard wastes at
rates of 0.25 in./day, 0.5in./day and 1.2 in./day. Some ponding
occurred at the latter two rates, however, a tremendous crop of horse
weeds grew on the field to a height of 8-10 ft. It appears that the sandy
loam soil used can accept the 0.25 in./day of spray at the Terre Haute
Mill of the Weston Paper and Manufacturing Co. in Indiana.

.210S REPORT ON CONTINUED STUDY OF WASTE WATER RECLAMATION
AND UTILIZATION .

Merz, Robert C.

Calif. State Water Pollut. Contr. Board, Publ. No. 15, Sacramento,

June 1956. 90p.

Descriptors: California, Oxidation lagoons, Suirveys, Economic feasibility,
Water-reuse, Bibliographies.
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A continuation of the study reported in ublication No. 12 (1955). Reports
on the progress of two principal studies. The first concerned reclamation
of liquid, digested sludge in San Diego County for a twofold purpose:
enrichment cf waste lands; and lessening of the pollution of San Diego
Bay. The other concerned reziimation of a raw sewage lagoon effluent

at Mojave, California, also for a twofold purpose: providing a Marine
Air Base with suitable, economical, irrigation water, and demoristrating
that the raw sewage lagoon, when well designed and operated, can be an
adequate means of sewage treatment for the small, desert community.
Conclusions and recommendations are summarized. A short bibliography
and 22 pertinent abstracts ore included.

211M DIRECT UTILIZATION OF WASTE WATERS

Merz, Robert C. :
In: Proc. 11th Ind. Waste Conf., Purdue Univ,, Lafayette, Ind., 1956.
p. 541-551.

Descriptors: Golf courses, Recreational facilities, Climatic data,
Economic feasibility, Water reuse.

A survey shows that more than 150 industries in 38 states reclaim industrial
wastes, and about 15 in'nine states employ sewage effluent. The primary
reason is that there are significant savings. Specific examples are cited.

Land and climate are the primary factors affecting agricultural utilization
of wastewater. Several successful operations are described. Restrictions
are the amount of water to be disposed of, quality of the effluent, and health
regulations. :

Other direct utilization is employed for recreational areas (golf courses.
decorative lakes, parks, etc.) and groundwater recharge. The author
states, “The investigations made thus far indicate strongly that the
reclamation of sewage effluents is a sound practice for industry, agricul-
ture, and other uses." ~

212M  THIRD REPORT ON THE STUDY OF WASTE WATER
RECLAMATION AND UTILIZATION

Merz, R. C.
Calif. State Water Pollut. Contr. Board, Publ. No. 18, Sacramento,
August 1957. 102 p.

Descriptors: Aerosols, Water quality data, California, Forage crops,
Sprinkler irrigation.
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The Talbert Valley Wafer District operation demonstrated a significant

. utilization of wastewater for agricultural use. It concludes that itis

possible for a group of private farmers to organize, finance and con-
struct a reclamation system to utilize a sewage effluent for economical
irrigation of field crops, within the requirements of state and local
authorities. The separation o; industrial wastes from the domestic

wastes is necessary to maintain irrigation water quality. An opportunity
exists to obtain further data on the effect on crops of irrigation with
primary effluent, and to evaluate operating problems directly related

to public health acceptance. '

Also included is a study on spreading of bacteria through aerosols using
spray irrigation. With a 5to 10 mph wind, the maximum !imit of the mist
zene extended 105 ft downwind from a sprinkler which had a 30 ft normal
spray radius. o '

213 M WATER RECLAMATION AND REFUSE DISPOSAL
Merz, Robert C.
Water Sewage Works, 105:306-307, July 1958.

Descriptors: Sprinkier irrigation, Water reuse, California, Surveys,
Costs, Groundwater recharge.

This report summarizes the reports of five speakers at the forum. Settled
sewage from Santa Ana irrigates 2,250 acres growing alfalfa and sugar
beets, and on a pre-irrigation basis, lima beans and chili peppers. San
Bernardino sells effluent for irrigation, but plans to improve the treat-
ment process and use the effluent for recharging the groundwater.
Golden Gate Park uses 0.75 mgd from the San Francisco treatment plant.
Contemplated plant improvements will make 5 mgd available for irriga-
tion. Oceanside will use oxidation ponds for final treatment to prepare
its sewage effluent for commercial and irrigation use. A Marine Corps
base in the Imperial Valley pays $55 per acre-ft for water piped in from
15 miles away. Reclaiming its sewage plant effluent by pond treatment
and using it for irrigation and flushing will effect an annual savings of
$24, 000.

-~

214S  UTILIZATION OF LIQUID SLUDGE
Merz, Robert C.
Water Sewage Works, 106: 489-493, 1959.

Descriptors: Land reclamation, California, Costs, Sludge disposal,
Recycling nutrients.
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A method for reducing the cost of treatment plant operation plus reclama- ’

tion of waste land is presented. The city of San Diego has found-iand
disposal a satisfactory and practical method of utilizing the liquid digested
sludge produced at its sewage treatment plant, Sludge-drying facilities
have been shut down, and all sludge is now utilized for soil improvement.
The value of organic matter in the soil for maintaining and storing mois=
ture is well known.

The San Diego liquid sludge disposal operation has shown that (a) waste
fand can be reclaimed for agriculture with liquid sludge of reasonable
solids content at less cost than with dried sludge; (b) sludge loadings
as high as 100 tons dry solids per acre can be applied without impairing
crop growth; (c) sludge loadings as low as 25 tons dry solids per acre
will produce crop growth comparable to that achieved by the use of
commercial fertilizer at conventional application rates; (d} an initial
sludging with 50 tons dry solids per acre will grow a second superior
crop due to residual fertilization not used up by the first; and (e) itis
possible to avoid serious sludge handling or nuisance problems.

215M WASTE WATER RECLAMATION FOR GOLF COURSE
IRRIGATION

Merz, Robert C. .

Amer. Soc. Civil Eng., J. Sanit. Eng. Div., 85(SA6): 79-85, December

7959. . )

Descriptors: Cualifornia, Golf courses, Sprinkler irrigation, Disinfection,
Odor, Public health regulations. -

Three years' experience at municipal and military golf courses shows that
reclaimed wastewater can be properly used fo. irrigation purposes. Value
is derived from the fertilizing constituents. Difficulties may arise in cer-
tain soils due to increased sodium content of the water. Chlorination will

prevent odor nuisance as well as the spread of B. coll through wind action.

276 M IRRIGATION WITH SEWAGE IN AUSTRALIA ' ,

Muller, W.
Wasser Boden (Hamburg), 7:12, 1955; Zb. Bakt. |, Ref,, 1956, 153: 503.

Water Poflut. Abstr., _2_2:20"2'(7708), 7956.

Descriptors; Water reuse, Wastewater disposal, Australia, Forage crops,
Fruit crops.

The aut -r gives an account of the conditions under which sewage is used
for irrigation in Australia. Only settled and biologically treated sewage
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may be used. Surface irrigation is preferred. The amounts vary from
350 to 7,500 mm. per year. Land for pasture use and frui growfng is

irrigated.

S

2175  DIE INFEKTION VON GEMUSEPFLANZEN DmolE
BEREGNUNG MIT HAEUSLICHEM ABWASSER
(INFECTION OF VEGETABLES BY APPLICATION OF
DOMESTIC SEWAGE AS ARTIFICIAL RAIN)

Muller, Gertrud

Stagedteh. (Hamburg), 8:30-32, 1957.

Descriptors: Sprinkler irrigation, Vegetabie crops, Flood irrigation,
Pathogenic bacteria, Germany .

The author desc}"ibes experiments in which plots of land, on which
carrots, cabbages, potatoes, and gooseberry bushes were growing,

were watered with settied sewage. The soil, vegetables, and fruits were
tested for the presence of Bact. coli and Salrnonella at intervals up to 40,
days after application of sewage. The amounts of sewage used were small,
but Salmonella were detected in the soil and on the potato tubers after 40
days, on carrots after 10 days, and on cabbage leaves and gooseberries

after 5 days.

218 M SANITARY ENGINEERING APPRAISAL OF WASTE WATER

REUSE
Ongerth, Henry J., and Judson A. Harmon
J. Amer. Water Works Ass., 51:647-658, May 1959.

Descriptors: Water reuse, Legal aspects, Public health regulations,
Economic feasibility .

This article briefly summarizes the historical development of waste water
reclamation and describes ways in which waste water may be utilized.
The engineering, public health, economic, legal, and aesthetic probiems

‘encountered in waste water reclamation are discussed.

219 M USE OF SOIL LYSIMETERS IN WASTE WATER RECLAMATION
STUDIES ’ '

Orlob, Gerald T., and Robert G. Butler
Amer. Soc. Civil Erg., J. Sanit. Eng. Div., 82{5A3): 1002, June 1956.

Descriptors: Spray disposal, Surveys, Costs, California. 2
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- ) . . . .
Soil lysimeters were found to provide a convenient and inexpensive

means of studying th. fundamental behavior of soils under various con-
ditions of water and sewage spreading. They were shown fo be of value
/n estimating the performance of soils under large-scale spreading y
operations.

~The lysimeters were constructed of corrugated irron pipe sections, three
feet in diameter and five feot deep. Twenty Lysimeters were used to study
the characteristics of five agricultural soils under various loading, condi-
tions with fresh water and clarified effluent from primary-ireated municipal
sewage.

Datc are presented on infiltration rate versus time curves. The methods
and resuits are discussed.

220 M UNITED STATES SEWAGE TREATMENT PRACTICES

. DURING THE EARLY TWENTIETH CENTURY . -
Porges, R. o

Sewage Ind. Wastes, 29:1321-1332, December 1957.

Descriptors: Surveys, Wastewater treatment, United States, Septic
tanks, Activated sludge effluents. ™~ ‘ ~

The author presents an analysis of an early unpublished sewage treat-
mént facility inventory. The data reported actually covers two inven-
tories, one reporting facilities installed prior to 1311 and the other with
an effective survey date of 1916. Several pertinent facts of interest were
noted by the author. These early observers noted that installations
limited to septic tanks were operating inefficiently. The growth of
sewage systems from 1860 to 1955 is depicted in a figure and shows the
rapid increase following development of the activated sludge process im
the early 1900's. It is interesting to note that land épplication approgeties
amounted to about 8 percent of the total number of plants for both the
1910 and 1916 surveys and that intermittent sand filters were the most
common type of secondary treatment.

2271 ADAPTATION OF TREATED SEWAGE FOR INDUSTRIAL USE
Powell, Sheppard T.
Ind. Eng. Chem., 48:2168-2171, 1936.

Descriptors: Californic, Water reuse, Activated sludge effluents.

The treatment of liquid wastes for further use has passed the experimental
stage and offers a practical solution for many industrial water problems.

Y
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Inteliigent appraisal and engineering principles can soive the problems of
collection, treatment, and reuse of sewage. The value of this type of water
conservation should be publicized at both loca: and national levels, espe-
cially with regard to jts adaptability -and means for processing.

The California State Water Pollution Control Board has stated:.

"There appears to be no physical reason for treating
waste water as being fundamentally different from
any other water source. The uses to which it can
be put are the same, and the precautions taken

before u%g it are the same."
. &

= .7 o

222M AGRICULTURAL USAGE OF SEWAGE OF THE TOWN OF ZORY

Prochal, P.
Zesz. Nauk. Wyzsz. Szk. Ro'n. (Pol.), 5:165-183, 1958. Chem. Abstr.,

53: 8483, 1959.

Descriptors: Wastewater disposal, Fish farming, Recycling riutrients,
Plant growth, Europe.

The nitrogen content of this sewage is 154 mg/l; phosphorous content is
18 mg/l; and potassium content is 52 mg/l. There is only a small amount
of toxic sulfides, but a large amount of toxic lipids. If used as a fertilizer
this sewage should increase meadow crop yields fivefold, field crops
should be doubled, cnd the yield of fish from ponds should be increased
fourfold. :

223 M SEWAGE--A RAW WATER SUPPLY
Rawn, A. M., and F. R. Bowerman
Water Sewage Works, 103: 463-467, 1956.

Descriptors: Water reuse, Costs, Arizona, Design data.

The authors recommend planned water reclamatian from sewage by
establishing water treatment plants. Several historical examples are
cited: Grahd Canyon, Arizona, Golden Gate Park, and Baltimore.
Design factors are discussed, and comparative costs are given.

»

24 M  INVESTIGATIONS ON THE SPREAD OF BACTERIA CAUSED
BY IRRIGATION WITH WASTE WATER

Reploh, H., and M. Handloser _
Arch. Hyg. (Berlin), 141:632-644, 1957. Pub. Health Eng. Abstr.,

39:5: 54.
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Descriptors: Sprinkler irrigation, Buffer zones, Forage crops, Aerosols,
Germany .

High values for the spread of bacteria as given in the literature cannot be
obtained when the present customary types of sprinkTih\gAeqLubkment are
employed. But it has to be assumed that, at high wind velocity,~ver
smalt droplets containing bacteria are spread considerably beyond the ™
proper zone of action. When the use of sprinkling equipment is projected,
this must be taken into consideration and strips of land of sufficient size
provided for nrotectica from spread by wind. Probably, the zone spread
can be safely lessened by planting hedges for protection from the wind.

2255  UTILIZATION OF SEWAGE SLUDGE FOR THE PRODUCTION OF
TOPSOIL

Scanlon, A. J.

Sewage Ind. Wastes, 29: 944-950, August 1957.

Descriptors: Odor, New York, Recycling nutrients, Design data.

In New York City, the idea of recovering organic sewage solids and
returning them to the soi! as fertilizer has been advocated since the early
screening plants were built in Brooklyn and Queens. No significant
proaress was made in this direction until 1935, when the practice of
separate sludge digestion was established at the Coney Island sewage
treatment plant. Digestion not only produces an odorless sludge accept-
able as a fertilizer or soil conditioner, but also yields a valuable product
in the form of methane gas which is used for heat and power. .

226 M EFFLUENT GROWS CROPS ON "SEWER FARM"
Scott, T. M.
Wastes Eng., 30: 486-489, September 1959.

Descriptors: Bakersfield, California, Forage crops, Sprinkler irrigation,
Rates of application, Primary effluent.

In Bakersfield, California, a 2,500-acre farm is used as the final disposal
area for about 8, 480-acre fe=t of effluent per year. Only primary treat-
ment is provided and as a resulit, only crops not for human consumption
such as cotton and cattle fodder are grown. Itis felt that the present
farm could absorb 17, 000-acre feet a year and that secondary treatment
would allow food crops to be grown.




227 M IRRICATION WITH SEWAGE ZSFLUENTS
Skulte, Berrniard P.
Sewage Ind. Wastes, 28:36-43, January 1956. . -

Descriptors: Wastewater disposal, Sprinkler irrigation, Planning, Europe.

The primary cbjective of early sewer farms was simply disposal with the
result that often too much sewage was used on too little land. New methods
of using sewage for planned irrigation increase its value in water-shcrt
areas. The author urges more emphasis on pilot plant and research
installations to study irrigation with sewage effluents and industrial
wastes. Many of the outstanding problems could thus be solvec

2281  EFFLUENT DISPOSAL BY !RPIGCATION
Simmers, R. M.
New Zealand Eng. (Wellington), 15:410-413, 7960.

Descriptors: Anaerobic digestion, Food processing wastes, Forage crops,
New Zealand.

The author describes a scheme whereby slaughterhouse wastes are dis-
posed of by irrigation over grazing land. Fodder growth has been extra-
ordinary, being capable of grazing over 20 sheep per acre. No nuisance
has been apparent, and ne stock troubles have been encountered in
grazing cattle or adult sheep on the area.

In suitable localities, irrigation with clarified effluent from anaerobic
digesters should be considered. The readily available nitrogen would
be higher, and the risk of stale areas from ponding would be reduced.

229 M STREAM POLLUTION--SIGNIFICANCE OF MINERALS IN
WASTE-WATER

Stone, Ralph, and C. Merrell, Jr.

Sewage Ind. Wastes, 30:928-936, July 1958.

Descriptors. Water reuse, Sprinkler irrigation, Heavy metals, Ground-
water recharge, Dissolved solids.

Mineral quality is the controlling factor in employing reclaimed waste-
water for many purposes. A normal sewage effluent will develop addi-
tional minerclization of 100 to 450 ppm. measured as total dissolved solids
in one municipal water-use cycle. Mineral pickup greater than 600 ppm.
is probably attributable to tidal water or oil field brines. Industrial
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wastes may contain toxic constituents such as boron or heavy metals.

suitable for irrigation of grasses or other vegetation, industrial water
supply, and groundwater recharge. Analyses of waste water indicate
that toxic materials, heavy metals, and other minerals can be Suitably
controlled within a sewage system.

230S LAND IN SEWAGE PURIFICATION
Stone, A. R.
J. Inst. Sewage Purif. (London), Pt.4: 417-424, 1960.

Descriptors: England, Sludge disposal, Recycling nutrients.

The author cites British experience with land disposal and discusses,
reasons behind severc! monumental failures. The agricultural disposal
of sludge is dealt with in so. 1e detail and is recommended as an integrol
part of land disposal of sewage. Experience at Nottingham is described
in detail, where sludge disposal and irrigation with effiuent have been
studied.

231 M  SOIL IMPROVEMENT SOCIETY ORGANIZED TO PRODUCE
AND TO UTILIZE COMPOST OF REFUSE

Tietjen, Cord, and Hans Joachim Banse

Calif. Vector Views, 7:1-7, Jenuary 1960.

, Descriptors: Wastewater disposal, Sludge disposal, Water reuse,
Germany .

The article demonstrates how cooperation between people who produce
wastes and those who can use the wastes leads to increased efficiency in
waste disposal.

232M ANNOTATED BIBLIOGRAPHY ON ARTIFICIAL RECHARGE OF
GROUNDWATER THROUGH 1954

Todd, David K.

U.S. Geol. Surv. Water-Supply Pap. 1477, 1959. 115 p.

Descriptors: Groundwater recharge, Wastewater disposal, Water reuse,
Biblicgraphies, United States.

The author lists the various methods used in artificial recharge operations
and considers the factors that are important in the selection of the method.
The bibliography: lists the literature pertaining to artificial recharge of
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groundwater up to and including the year 1954. Each reference is
abstracted, authors are listed alphabetically, and an index based on
subject and locality is included. The bibliography section covers pages
5 through 107 of the report.

233 M ORGANIZING A SEWAGE EFFLUENT UTILIZATION PROJECT
Travis, Paul W.
Pub. Works, 91:119-126, September 1960.

Descriptors: Primary effluent, Deep-percolation, Salinity, California,
Planning.

_Southern California's Talbert Water District uses the effluent from the

Orange County Sanitary District's primary sedimentation plant for crop
irrigation under approval of health officials. Preceding the full-scale
installation, irrigation of a modei farm of several acres was studied for
three years to observe effects on local soil and on subsoil percolation.

Strict requlations were adopted in regard to reservoir management,
pumping from the treatment plant outfall main, and salt accumulation in
the soil. Major points covered in agreements between supplier and user
are discussed. The farmer pays $6 per acre-foot for the effluent pumped
to his highest larid. Some 2,800 acres are irrigated in the system. The
farm advisor believes that crops can be doubled with the incidental appli-
cation of the udded nutrients.

234 M  WATER RECLAMATION EXPERIMENTS AT HYPERION
Vander Goot, H. A.
Sewage Ind. Wastes, 29:1139-1144, October 1957. )

Descriptors: Groundwater recharge, California, Costs, Spreading basins,
Injection wells.

The use of ground water in Los Angeles has resulted in salt water intrusion.
Because of this and the demand for more water in the future, measures to
recharge the groundwater are necessary. One such measure is the use of
se vage effluent in spreading basins and recharge wells. It was found

that suitable recharging water was obtainable from spreading basins,
although cost comparisons with other sources of water have not been

made.
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235S DO’S and DON’'TS OF USING SLUDGE FOR SOiL CONDITIONING
AND FERTILIZING

Van Kleeck, W.

Wastes Eng., 29: 256-257, 274, May 7958.

Descriptors: Public health regulations, Sludge disposal, Anaerobic
digestion, Plant response, Connecticut.

Various methods of sludge disposal are discussed with emphasis on use
as a soil conditioner. The characteristics of both raw and various forms
of digested sludge which affect the soil and crops ora pointed out. As a
guide to the attitude of public health authorities or. the use of sludge on
soils, the author quotes the policy of ihe Connecticut State Department
of Health. 7

& \.
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236 M QUALITY OF IRRIGATION WATER
Wadleigh, C. H., L. V. Wilcox, and M. H. Gallatin .
J. Soil Water Conserv., 11:31-33, 7956.

Descriptors: Water quality data, Water. reuse, Soil chemical properties.

The quality of irrigation water is determined by the kinds of dissolved
salts, the relative proportions of certain ions, and the total concentration.
This paper is concerned with evaluation of water quality, as affected by
naturally occurring solutes.

2371 THE USE OF SPRINKLER IRRIGATION SYSTEMS FOR WASTE
DISPOSAL

Werly, E. F.

Irrigation Eng. Maint., 8:1:21-27, 71958.

Descriptors: Wastewater disposal, Economic feasibility, Sprinkler
irrigation, Design data.

Discussion covers the problems, requirements, and considerations given
for the development of an efficient and economic sprinkler system for waste
disposal.

238 M  MODIFICATIONS OF POLLUTED WATERS RESULTING FROM
PERCOLATION IN SOIL

Wheatland, A. B., and B. J. Borne

Water Pollution Research Lab., Stevenage, England, CEBEDEAU (Belgium),

49: 225-34, 1960.
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Descriptors: Deep percolation, lon exchange, Nitrification, Heavy metals.

Tests conducted with a sewage effluent and water from the river Trent
indicate that the percolation of these liguids through the soil removes NH 3
by cationic exchange. The removal of NH; depénds on the nitrification

of the NH 3 already adsorbed. At normal temperatures during most of the
year, most of the NH 3 is removed if an intermittent system of distribution
(e.g., by 12-hr cycles) is employed. It is important not to distribute
water containing more NH 3 than the superficial bed can adsorb and to
allow sufficient time between distributions for the penetration of atmos-
pheric 0 and for the adsorbed NH 3 to be oxidized. In practice the rate

of percolation will be determined both by the surface and by the perimeter
of the area of dispersion, and the rate per unit of surface will vary
inversely with the perimeter. Concentratians of Cu, Ni, Cr, Mn, Zn,
and Pb in the percolate were much lower than in the water distributed.
The proportion of bacteria removed varied between 81 percent and 96. 5
percent within the test area considered.

239 M  AUGMENTIMG WATER SUPPLY SOURCcS THROUGH
AGRICULTURAL UTILIZATION OF MUNICIPAL SEWAGE

Wierzbicki, Jan '

Gaz Woda Tech. Sanit. (Warsaw), 31:17, 1957. Abstr., Sewage Ind:

Wastes, 29: 1096, September 1957.

Descriptors: Groundwater recharge, Poland, Reviews.

The alithor reviews the experience of the town of Bielefeld in augmenting
its groundwater resources through the utilization of municipal sewage for
surface irrigation. Following the sewage utilization program the ground-
water tables in the area rose, and 620 hectares of formerly nonutilizable
land have been converted into meadows, pasture, and plowed land.

240 M AGRICULTURAL UTILIZATION OF SEWAGE WATERS
Wierzbicki, Jan
Soils Fert., 19: 2096, 1956. Chemn. Abstr., 52:15806, 1958.

Descriptors: Forage crops, Water euse, Flood irrigation, Grain crops.
Sewage water contains 80 kg/1,000 cu.m. of N, 20 of P205s, and 60 of K,0.
Irrigation with sewage waters increased the yields of hay by 300 to 400

percent, cereals by 20 to 50 percent, and root crops by 100 percent; and
it increased the protein content in hay from 6 to i7 percent.
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241 M A REPORT OF PRESENT ACTIVITIES IN ISRAEL
Yehuda, Peter ’
Water Sewage Works, 105:493, 1958.

Descriptors: Israel, Spreading basins, Flood irrigation, Forage crops,
Groundwater recharge.

The primary effluent from a number of sewage treatment plants is pumped

to a 55-acre sand dune at the rate of 2,000 to 2,500 gpd/acre. Sandy loam
underlies the dune at depths of 13 to 23 feet. - The annual rainfall averages
20 inches. Cattle fodder is grown, and a good humus layer formed during
the first year of cultivation, helping to stabilize the shifting sands.

A natural depression is used as an experimental percoldtion area. Sewage
effluent is applied at the rate of 85,000 to 100,030 gpd/acre, ten times the
agricultural irrigation rate.. This raises the fresh water table and prevents
salt water intrusion.
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SECTION V
. ABSTRACTS 1961 THRU 1965

242S  WASTES DISTRIBUTED TO LAND
Anonymous
Compost Sci., 3(1): 14, March 7962.

Descriptors: Sludge disposal, 50il types, Public health regulations.

A member of the Board of Heaith reports that digested liquid sludge,
excess whey, and spent sulfite liquor are the organic wastes that may
be deposited diréctly on the land.

243S  ADVANCES IN SLUDGE DISPOSAL IN THE PERIOD FROM
OCTOBER 1 1954 TO FEBRUARY 1, 1960

Anonymous

Amer. Soc. Civil Eng., J. Sanit. Eng. Div., 88(SA2):13-51, March 7962.

Descriptors: Sludge disposal, Soil types, Soil chemical properties,
Costs, Reviews.

This report relates to matters of sludge disposal: digestion; gas
utilization; elutrition, vacuum filtration; drying,; incineration, use ds
fertilizer and soil conditioner; disposal at sea; by-products; and
special prccesses. Continued efforts are being made to reduce the
operational problems and costs of this phase of sewage treatment.

244S  SLUDGE TO SEA OR LAND (Management Memoranda)
Anonymous’

Water Waste Treat. J. (London), §(5):240-242, 1961.
Descriptors: Sludge disposal, Costs.

This article compares costs of ocean disposals.
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2451  EFFLUENT TREATMENT. BY SPRAY IRRIGATION
Anonymous
Water Waste Treat. J. (Londony, 10:105; 1964.

Descriptors: Water quality data, Soii types, Oxidation lagoons, New
Zealand, Sprinkler irrigation.

Spray irrigation is employed in New Zealand as an effective and economi-
cal method of treatment and disposal of a variety of trade wastes. Initial
BOD values are in some cases very high. The BOD values of drainage
from the fields and of nearby rivers receiving the drainage are closely
checked and found to be satisfactory. Up to 65,000 gpd are being dis-
posed of in this way, using land areas of 3 to 60 acres. The technique
is successful on a variety of soil types and in locations near rivers. In
most cases, theveffluent is used on grassland, which is exploited by
grazing livestock. Lagooning may be employed as a means of réducing
pollution before spraying. Several specific examples are cited with
details of operation.

R

206 M EXPERIFNCE OF COMPREHENSIVE SANITARY AND MICRO-
BIOLOGICAL EVALUATION OF SEWAGE IRRIGATION FIELDS
IN THE SUBURBS OF LENINGRAD

Adel'son, L. I., etal.

Hyg. Sanit: (USSR), 30(10-12):129-131, 1965.

Descriptors: Vegetable crops, Raw sewage, Soil types, Soviet Union.

A total of 17 samples of sewage and 27 samples of drainage water, 131
samples of soils and 21 series of samples of vegetables, principally
cabbage, was used in this experiment. A total of 1,774 analyses was
made.” Besides cabbage, cauliflower and potatoes were also used. This
article dealt with the following three areas:

7. The degree of efficiency of sewage purification
» in the SIF (sewage irrigation fields).

2.’J The degree of contamination of the soil in SIF
and whether it undergoes spontaneous decon-
tamination fast enough.

3. The possibility of using those vegetables growrn
in SIF.
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247M WASTE TREATMENT FOR GROUNDWATER RECHARGE
Amramy, A. .
J. Water Pollut. Contr. Fed., 36.:296-298, March 1964.

Descripters: Groundwater recharge, Israel, Oxidation lagoons,
Spreuding basins, Groundwater contamination.

A study was made in [srael to reclaim wastewater from the Tel-Aviv
Metropolitan area of 7 million population. Raw sewage is treated in a
lagoon prior to spreading in prepared basins (3-4 acre plots) situated
in sand dune areas. Some conclusions are: (1) 56 cm/day average of.
effluent were infiltrated in one of the spreading basins in 700 days,

(2) initial infiltfation rates as high as 522 cm/day were observed, (3)
the terminal infiltration rate in some operating cycles decreased as low
as 2 cm/day, (4) a relatively long resting period resulted in restoring
the original infiltration rates, (5) very long wetting pericds followed by
short (5 to 11 duys) resting periods give rise to residual clogging cycle
to cycle, and (6) 1: 2 ratio of wetting to resting is required to establish
a long operation without clogging taking place and no progressive
buildup of organic matter. Organic matter iended to accumulate at

the top layer of 0 to 10 cm. Black sand layers appear at the subsoil

but are believed not to cause clogging. Intermittent application
restores the infiltrative capacity of the dune sand.

248 M  MICROBIOLOGY OF RECLAIMED WATER FROM SEWAGE FOR
RECREATIONAL USE .

Askey, J. B., R. F. Bott, R. E. Leach, and B. L. England

Amer. J. Pub. Health, 55:453-462, February 1965.

Descriptors: Coliforms, Viruses, Qxidation lagoons, Raw sewage,
Santee, California.

As pert of a continuing research program at the Santee Sewage Treatment
Plant, intensive bacteriologic and virologic tests have been performed on
specimens from seven sampling points. Bacteriologic determinations
indicate that it is possible to create a lake from reclaimed water that has
coliform counts within the limits allowed for conventional origin. Viro-
logicdl tests completed to date on samples of raw sewage, primary
settling effluent, and activated sludge effluent have been 100 percent
positive, yielding 13 distinctive viruses. The percent of samples posi-
tive after approximately 30 days detention in an oxidation pond dropped
to 25, and the recreatjonal lake samples have been consistently negative
for virus.
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249M TRANSFORMATIONS IN INFILTRATION PONDS AND IN THE
SOIL LAYERS IMMEDIATELY UNDERNEATH

Baars, J. K. :

In: Principles and Applications in Aquatic Microbiology, Heukelekian,

H., and N. C. Dondero (ed.), New York, John Wiley & Sons, Inc.,

1964. p. 344-365.

Descriptors: Groundwater recharge, Netherlands, Deep percolation,
Wastewater treatment, Soil chemical properties. .

In the Netherlands, waier from the Rhine River is being used to recharge
the groundwater in the dune area. Three systems are described and the
chemical and biological transformations that take place during infiltration
are analyzed.

A comparison is made between two permanent or continuous infiltration
operations and an intermittent operation. The continuous operations
employ pretreatment by rapid sand filtration and chlorination and use
infiltrotion rates of 10 and 40 centimeters per day. The intermittent system
has no pretreatment and uses a rate of 10 cm per day. Improved removal
of organic matter is noted for the intermittent system. The intermittent
system at Leyden has been operating since 1940 and each year, when
infiltration is begun, the same infiltration rate is achieyed without
artificial cleaning of the ponds.

¢

250 M BACTERIAL CONTAMINATION OF SOIL AND VEGETABLES ON
FIELGS AFTER SEASONAL SEWAGE IRRIGATION IN THE
SOUTHERN UKRAINE

Babov, D. M.

Gig. Sanit. (Moscow), 27:37-41, November 1962.

Descriptors: Soviet Union, Vegetable crops, Pathogenic bacterio, Flood
irrigation, Public health regulations.

The investigation showed that the use of sewage for irrigating agricultural
fields in the Southern UKraine is accompciied by contaminatiori of soi! and
vegetables with intestinal bacteria. However, as the result o/ energetic
self-purification processes, the ripe vegetables harvested in these fields
do not differ in level of bacterial contamination from those in the market

In case of serious infringements of the irrigation regimen and of the'time
fixed for cessation of irrigation before harvest, live pathogenic bacteria
may be found on vegetables. An almost complete absence of intestinal
bacteria on corn silage points to the advantages of agricultural sewoge
irrigation of fields for the growing of corn.
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251 S LIQUID SLUDGE DISPOSAL AT MIAMI, FLORIDA
Backmeyer, D. P.
Compost Sci., 6(2):10-11, Summer 1965.

Descriptors: Florida, Operation and maintenance, Rates of application,
Sludge disposal. :

All digested sludge at Miami plant is now successfully applied in liquid
form, eliminating expense of dewatering operation.

. ?

252M AIR FORCE ACADEMY SEWAGE TREATMENT PLANT DESIGNED
FOR EFFLUENT REUSE

Bauer, J. H.

Pub. Works, 92:120-122, June 1961.

Descriptors: Design data, Planning, Water reuse, Colorado.

H

Because of limited rainfall and the planned landscaping of the site, the
need for a largé amount of irrigation water was foreseen. It was planned
to utilize the sewage plant effluent to meet this need. Only the excess
effluent was to be released to the creek. ’

Engineering design data and operating results are given.

253 S COMBINED DISPOSAL OF SEWAGE SLUDGE AND li'EFUSE
Black,.Ralph J.
Compost Sci., 3(4): 16-17, December 1962.

\
Descriptors: Sludge disposal, Raw sewage, Economic feasibility,
United States. ‘

Combined treatment of refuse and sewage sludge is one approach te solid
waste disposal problem that should receive serious attention.

254 M UTILIZATION OF WATER AND IRRIGA TI?N IN ISRAEL
Blaney, H. F.

Amer. 3oc. Civil Eng., 4- Irrigation Drainage Div., 88(IR2): 55-65,
June 1962. :

Descriptors: Israel, Water reuse, Economic feasibility, Flood irrigation.
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The needs for, and potentials cf, reuse of sewage as irrigation water in
Israel is discussed. It is stated that the state of Israel's future and ihe
economic weifrre of its agriculture are more dependent on the supply and
auality of irrigation water than any other single resource. The total water
resources are estimated at 2,000 million cu.m., of which 1,500 million
cu.m. will be allocated to irrigation. Return flow from sewage and
irrigation is estimated at 165 million cu.m.

2551 IRRIGATION AND LAND DISPOSAL OF PULP MILL EFFLUENTS
Blosser, Russell 0., and Eben L. Owens.
Water Sewage Works, 111:424-432, 1964.

Descriptors: Forage crops, Rates of application, Salinity, Pulp and
paper wastes.

Interest in land disposal of many industrial wastes has increased in
recent years. For the many industrial wastes that are unsuitable for
agricultural irrigation purposes, the primary concern is disposal. Paper
. miil effluents fall in this category, usually having a high sulfite content
and low pH. :

- Laboratory studies dealt with changes in effluent characteristics, in soil
characteristics, and in cover vegefation conditions when a wide variety
of effluents were applied to th~ soil in simulated irrigation practice.
Grasses were used for cover vegetation. Alta fescue was found to have

Lhigh moisture resistance and reasonably high salt tolerance with an
extensive root system. Results of the study are discussed.

256 M METHODS OF TREATING AGRICULTURAL LAND--A GOOD
METHOD FOR THE TREATMENT AND APPLICATION OF
SEWAGE
Blumel, F.
. Wasser Abwasser (Leipzig), 35-45, 1365.

Descriptors: Rates of application, Raw sewa_t,)e, Microbial degradation,
A griculture. s

-

Existing methods for use of sewag# in agriculture and plans for its use
in modern farming and soil improvement are discussed, and the autnor
reviews the application of séwage on land without preliminary treat-
ment, after mechanical treatment, and after biological treatment, and
compares these methods with those used abroad. Special reference is
made to the use of sewage effluents and trade wastewaters for irrigation.

»
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257M CHEMICAL CHANGES IN SOIL IRRIGATED WITH MUNICIPAL
: SEWAGE
Bocko, J., and L. Szerszen

Zesz. Nauk. Wyzsz. Szk. Roln. Wroclawiu Melior. (Wroclaw, Pol. ],
7:71-82, 1962.

Descriptors: Raw sewage, Soil chemiccl properties, Soil physical
properties, Rates of application, Polcnd.

No significant changes were observed in humus and nutrient content in
the soil after sprinkling with sewage at low rates of application; but

" alkalinity increased slightly, especially in the deeper soil layers. In
filtration fields, because of the high sewage load, organic substances
accumulated in the soil and the sorption capacity increased. A constant
supply of sewage resulted in a decrease in pH. No accumulation of
alkalis occurred in light-soil filtration fields.

258 M DISPLACEMENT OF IRON IN SOIL IRRIGATED WITH SYAGE

Bocko, J.
Zesz. Nauk. Wyzsz. Szk. Roln. Wroclawiu Me {Wroclaw, Pol. ),
10:209-217. Abstr., Soils Fert., 293 82(527), . 5. 2

Descriptors: Anaerobic conditions, Scil chemical properties, Deep
percolation, Soil physical properties, Poland.

Decomposition of, sewage in soil causes oxygen deficit, resulting in a
reduction of Fe® and leaching of Fe?" to the lower horizons. The dis-
placed Fe accumulates in the lower horizons, forming an impermeable
layer inhibiting water percolation into the drains.

259M QUALITY ASPECTS OF WASTE WATER RECLAMATION

Bonderscn, Paul R.
Amer. 5cc. Civil Eng., J. Sanit. Eng. Div., 0(SA5}:1-8, 1964.

p—
Descriptors: Water quality standards, Groundwater recharge, Californig.

. . , {
The author examines the effects of reclamation projects on the water

resources of an area. The :ubjects considered are: (1) trends 111 was.e-~ _

water reclamation; (2) modes of augmenting water resources by such
reclamatior:, and (3) quality aspects associated with such augme-itation.
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260M WATER QUALITY DEPRECIATION BY MUNICIPAL USE
Bunch, Robert L., and M. B. Ettinger
J. Water Pollut. Contr. Fed., 36:1411-1414, November 1964.

Descriptors: Wastewater disposal, Organic loading, Water quality
data, Water reuse.

Future reuse of sewage effluents will not be a question of economics, but
one of necessity. By 1980, 75 percent of the populatinn-will reside in
metropolitan areas, and six-time reuse can be anticipated. The study
provides information on the organic and inorganic load contributed by
one cycle for five cities. The analytical data are tabulated. Generaliza-
tions are unwise without considering the loading on the specific treat
ment plant and the coniributions of industrial wastes. Orders of
magnitude are indicated that would be helpful in making rough calcu-
hations for planning wastewater utilization.

2611 INDUSTRIAL REUSE OF WATER: AN OPPORTUNITY FOk ‘
THE WEST

Cannon, Daniel W.
Water Sewage Works, 111:250-254, 1964.

Descriptors: Water reuse, Reviews.

The author discusses the reuse of water within the petroleum and steel
industries. He briefly refers to industrial use of water which has been
previously used for municipal purposes; to agricultural use of water
previously used for industrial purposes; and to municipal use of water
previously used for industrial purposes.

262 M PASTURE FERTILIZATION WITH SEWAGE EFFLUEMT
IRRIGATION

Chapman, C. J.

Compost Sci., 3(3): 25, September 1962.

Descriptors: Wisconsin, Flood irrigation, Crop response, Forage crops,
Raw sewage.

Wisconsin tests show crop yields greatly increased by irrigation with
waters carrying effluent from city sewage disposal system.
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263 M SEWAGF TREATMENT PLANT EFFLUENT FOR WA TER REUSE
Cecil, Lawrence K.

Water Sewage Works, 111:421-423, 1964.

Descriptors: Oklahoma, N.trient removal, Detergents, Wastewater
treatment, Water reuse.

The cost of sewage treatment may be partially recovered by s<lling the
treated effiuént to industry for reuse. The merit of this practice will
depend on how well the effluent quality meets the needs of the prospec-
tive user as well as how it compares with other sources of water.

Additional treatment processes may b necessary to reduce concentrations
of undesirable components such as ammonia, phosphates, calcium, and
foam-producing organic compounds. The extent of additional treatment

is limited by cost and is practical oi 'y v-here overall cost is less than that
for an alternate source. ;

Refineries at Duncan and Enid, Oklahoma, and a zinc smelter in g desert
area found that effluents from nearby sewage treatment plants provided
a better and less variable quclity of water than was available from other

soutces.
3

264S  EXPERIMENTS IN EAST HERTFORDSHIRE ON T+E USE OF
LIQUID DIGESTEL 3LUDGE AS A MANURE FOR CERTAIN
FARM CROPS

Coker, E. G.

In: Proc. Inst. Sewage Furif. (London), 1965. p. 419-426.

Descriptors: Sludge disposal, Crop response, Hertfordshire, England,
Rates of application, Heavy metals.

The author summarizes the results of studies carried out by the Hertford-
shire Institute of Agriculture on the use of liquid digested sludge.as a
fertilizer for various crops. In all the trials the sludge was applied
thinly to the soil. It was found that the liquid sludge gave an increase

in dry-matter content similar to that produced by an equivalent amount
of nitrogenous fertilizer and grass responded much more rapidly to
applization of the liqi-‘d sludge thar. to vir-dried sludge, suggesting

that che nutrients i ‘'iguid sludge are more r~pidly availabie. In dis-
cussion, the possible risk of transmitting pathogens to grazing stock
and the effect of toxic metal ions in the sludge were considered.
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265M ONCE-USED MUNICIPAL WATER AS INDUSTRIAL SUPPLY:
IN RETROSPECT AND PROSPECT

Connell, C. H., and M, C. Forbes

Water Sewage Treat., 3:397-400, 1964.

Des‘criptors: Costs, Water quality data, Reviews, Water reuse.

The authors state that the total amount of used municipal water is
approaching 20 bgd and that over 40 percent of it may in time be used
for industrial water. In reviewing direct industrial utilization of
sewage effluents, the authors briefly discuss the availability and costs
relevant to water quality. ’

266 M IRRIGATION POTENTIAL OF SEWAGE EFFLUENTS

Cormack. R. M. M.
J. Inst. Sewage Purif. (London), Pt.3:256-257, 1964.

Descriptors: South Africa, Flood irrigation, Economic feasibility.

Scarcity of water in Southern Africa makes the use of sewage effluent
for irrigation attractive end worthy of consideration. Whether reclaimed
water is used for one purpose or another, matters little in the final
analysis. Every galion of reclaimed water represents ¢ saving from
other sources of supply.

The use of reclaimed sewage effluent for agricultural and horticultural
purposes represants not only sound water economy but also good fertilizer
economy. It is estimated that the fertilizer value in sewage effluent from
the Aisleby Works at Bulawayo is about seven cents per 1,000 gallons.

267M EFFECT OF CITY SEWAGE EFFLUENT ON THE YIELD AND
QUALITY OF GRAIN FROM BARLEY, OATS, AND WHEAT

Day, A. D., etal.
Agron. J., 54(2):133-135, March-April 1962.

Descriptors: Arizona, Crop response, Flood irrigation, Grain crops.

Barley, oats and wheat all showed superior growth when irrigated with
sewage effluent, even when compared to crops fertilized at rates equal
to the nutrient concentrations in the effluent. This test was run for two
years at Cortaro, Arizona.




<

268M STUDIES ON THE USE OF SEWAGE EFFLUENT FOR Py
IRRIGATION OF TRUCK CROPS )

Dunlop, S. G., and W. L. Wang

J. Milk Food Technol., 24:44-47, February 1961.

Descriptors: Human diseases, Furrow irrigation, Fruit crops

The authors report on studies which were designed to assess the public
health hazards associated with the use of sewage effluent for irrigation
under field conditions. These studies concluded that no significant
contamination results from the use of chlorinated effluent diluted in
streams and subsequentiy used in furrow irrigation.

269M  PLANT EFFLUENT SOLD FOR IRRIGATION WATER
Dye, E. O.
Wastes Eng., 32: 636, 1961.

Descriptors: Tucson, Arizona, Grouadwater recharge, Recycling nutrients,
Costs. :

Operational expenditures are defrayed by 40 percent through sale of the
effluent, digested sludge, and Jigester gas from the activated sludge
plant at Tucson, Arizona. Also, a portion of the water applied for
irrigation serves to recharge groundwater, thus, replenishing to some
extent the principal water resource in this arid area. )

270 M THE EFFECT OF IRRIGATION WITH TOWN SEWAGE ON
VARIOUSLY FERTILIZED MANGEL-WURZEL AND SUNFLOWER
GROWN FOR FODDER

Dziezyc, J., and M. Trybala

Zesz. Nauk. Wyzsz. Szk. Roln. Wroclawiu Melior. (Wroclaw, Pol. ),

_8_.'43-52, 1963.

Descriptors: Raw sewage, Flood irrigation, Rates of application, Poland,
Plant growth.

Application of 300-600 mm sewage water, especially when combined with
mineral NPK, increased size of foliage and root diameter in mangold.
Growth of sunflower was increased by NPK and depressed by PK.
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271S  UTILIZATION AND DISPOSAL OF SEWAGE SLUDGE
Eberhardt, H., and H. Ermer
Stoedteh. (Hamburg), 13:175-179, 1962.

Descriptors: Sludge disposal, Economic feasibility, Soil types, Rates
of application.

The authors discuss the various methods of sewage s/udge utilization or
disposal and the conditions under which each can be appiied. Methods

are described for the agricultural use of wet or dry sludge, for drying

and composting, and for disposal on /and or at sea. Methods for incin-

erating sludge and for producing gas are also discussed.

272 M  ION EXCHANGE FOR RECLAMATION OF REUSABLE SUPPLIES
Eliassen, Rolf, Bruce M. Wyckoff, and Charles D. Tonkin
J. Amer. Water Works Ass., 57:1113-1122, September 1965.

Descriptors. California, lon exchange, Economic feasibility, Phosphorus
removal, Denitrification.

The authors describe experimental studies on the removal of phosphates
and nitrates from sewage plant effluents by an ion-exchange process.

The laboratory work was performed at Stanford University, and the pilot
plant work was done in cooperation with the city of Palo Alto, Californic.
The work included an economic study of the ion-exchange process. The
removal of phosphates and nitrates is desirable to prevent the growth of
algae and to permit maximum reuse of this large potential water resource.

2731 FOOD PROCESSING WASTE DISPOSAL
Fisk, William W.
Water Sewage Works, 111:417-420, 1964.

Descriptors: Sprinkler irrigation, Suspended solids, Michigan,
Silviculture.

Two methods of waste disposal are employed at Gerber Company plants.
At Asheville, North Carolina, the wastes are ground, solids removed,
and used for anuual feed. The wastewater is discharged to the French
Broad River.

At Fremont, Michigan, spray irrigation is employed. Large solids are

removed for animal feed. Wastewater is pumped to a 140-acre site having
50~ft depth of Ottawa Sand. Sprinklers are ~aced at 120 ft and deliver
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81 gpm over an area 210 ft in diameter. Several cover crops have been
grown. Solids accumulation and surface compaction require “subsoiling”
the spray area every 2 or 3 years. Test wells 500 ft from the spray aréa
reveal no measurable effect on groundwater level or quality.

274 M  WATER REUSE BY DESIGN
Fleming, Rodney R.

Amer. City, 78:106-168, October 1963. i
Descriptors: Greenbelts, Water reuse, Flood irrigation, Southwest U.S.,
Recreational facilities.

The author reviews the reuse of sewage effluents as practiced in the
United States. Large quantities are reclaimed for both industrial and
agricultural reuse. Other reuse includes grounclwater recharge to
prevent salt water intrusion. Over 200 municipal plants in Texas
supply effluent for irrigatiornn. Several Arizona and New Mexico cities
water golf courses and parks with sewage effluer.t. Other examples of
reuse are cited.

2751  SPRAY IRRIGCATION--A POSITIVE APPRCACKH TO A
PERPLEXING PROBLEM

Flower, W. A.

In: Proc. 20th Ind. Waste Conf., Purdue Univ., Lafayette, Ind., 1965.

p. 679-683.

Descriptors: Ohio, Forage crops, Sprinkler irrigation, Rates of
application, Groundwater contamination.

The Howard Paper Mills of Urbana, Ohio, was faced with the problem of
providing waste treatment for its industrial wastes, and after considera-
tion of several alternatives turned to spray irrigction after experimentation
on a small plot using a cover crop of alfalfa. Wastes were applied at a

rate of 4 inches per day every six days. Disposing or selling of the crop
proved to be a problem due to farmers' fear s of tcxic materials contained
in the plants. Groundw ter supplies did not appear to be affected badly
by the irrigation.

276 M NUTRIENT REMOVAL BY EFFLUENT SPRAYING

Foster, H. B., Jr., P. C. Ward, and A. A. Prucna

Amer. Soc. Civil Eng., J. Sanit. Eng. Div., 91(5A6):1-12, December
71965.
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Descriptors: California, Coliforms, Denitrification, Phosphorus removal,
Spray disposal.

Sewage effluent was sprayed on an 80-acre hiilside, sparseiy forrested
with pine. During 7963, over 90 percent of the total phosphate, over 56
percent of the total nitrogen, and over 65 percent of the ABS were removed
from the hillside. The fcllowing spring, April 1964, removal efficiencies
were found to be lower. At this time, the hillside was thoroughly saturated
with the melt from ice and snow banks. The hillside was covered with
heavy snow during the early months of 1965. Masses of ice had built up
around the spray nozzles. Removal efficiencies were lower than at any
previous times. Phosphate, total nitrogen, and ABS removals were 17
percent, 36 percent, and 32 percent, respectively. During all periods

of study the fecal coliform and enteroccccus densities were greatly
reduced by the passage over the hillside spray area.

277S  UBER DIE WIRKUNG VON KLARSCHLAMM AUF BODEN UND
MIKROORGANISMEN
(THE EFFECT OF SEWAGE SLUDGE ON SOILS AND
MICRO-ORGANISMS )

Clathe, H., and A. A. M. Makawi

Z. Pflanzenernaehr. Dueng. Bodenk. (Beriin), 101:109-121, 1963.

Descriptors: Sludge disposal, Coliforms, Microbial degradation, Soil
types. Raw sewage.

In pot experiments with sewage sludge applied to loam and sandy soil,
fresh sludge had a superior effect in increasing total counts of miciro-
organisms and cellulose decomposers. Though there was little differ-
ence in the effect of autoclaved and ethylene-oxide-sterilized sludge in
increasing microbial populations, the former material had the greatest
effect in promoting azotobacter. Application of fresh, sterilized, and
autoclaved sewage sludge (in this decreasing order of efficiency) in-
creased CO, production in soil and promoted the production of NO and
NH,. Fresh sewage contained large numbers of coliform bacteria which
rapidly increased in soil for eight days after application and persisted
even after thirty days.

278 M IRRIGATION PROCESSES USING RECLAIMED WATER OR
EFFLUENT DESCRIBED

Gray, J. Frank

West Texas Today, 45:18-19, ond 23, January 1965.

Descriptors: Lubbock, Texas, Odor, Operation and maintenance,
Primary effluent.
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Irrigation with sewage effluent at Lubbock, Texas, dates back to the
early 1930's. Presently, approximately 2,000 acres are irrigated. The
successful operation requires a reservoir storuge capacity for about 30
days’ output of effluent. The primary difference between irrigation with
effluent and general irrigation practice is the irequirement of taking all
effluent produced.

The chief advantagég of irrigation with sewagr effluent are regularity of
water supply, some fertility value gained, anc decreased stream pollu-
tion. Some of the disadvantages are odor nuisance, problems created by
requirement to take water at all times, more difficulty in keeping farm
labor, and over-irrigation which may damage young plants. Data on
crops are given.

279M SURVIVAL OF BACTERIA AND VIRUSES ON VEGETABLE
CROPS IRRIGATED WITH INFECTED WATER

Grigor’Eva, L. V., T. G. Gorodetskii, T. G. Dmel'Yanets, and L. A.

Bogdanenko

Hyg. Sanit. (USSR), 30(70-12):-357-367, 7965.

Descriptors: Pathogenic bacteria, Vegetable crops, Sprinkler irrigation,
Surveys, Soviet Union.

Investigates the survival of the pathogenic hateria of the coli group,
Coxsackie viruses of Group A, Escherichia coli, and bacteriophages on
the leaves and fruits of plants irrigated with infected water. The plants
were grown in a laboratory condition but with natural simulation. At
different stages of vegetation period the planis were sprinkled with
sewage water with a low coli titer (10-8--10-15) or with water which was
additicnally contaminated v:ith coli bacteriophage. Survival times of
enteroviruses and pathogenic bacteria of E. coli family is compared.

The survival time depends on several factors, such as the species of
plants, the conditions and length of the vegetation period, the past of
the plants investigated (whether leaves or fruit), the species and strain
of the microorganism and its initial concentration. Three vegetable
species were investigated and their conditions for the survival of bacteria
and viruses were discussed. The least favorable conditions for the sur-
vival of bacteria and viruses were offered by cabbage leaves and the
most favorable by tomato leaves.

280 M USE OF SEWAGE EFFLUEN"" FOR PRUDUCTION OF
AG