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REUSE OF TREATED MUNICIPAL WASTEWATERS
FOR IRRIGATION

Application of wastewaters to formlands has gained public acceptance with an aim for recycle
and reuse of nutrients and organics contained in the wastewaters. This paper reports and discusses
the use of treated municipal wastewaters for irrigation. The pretreatment system for wastewaters
used in irrigation consisted of scttling tanks, storage ponds, and irrigation ditches. Purification of
wastewaters was reported using rice fields, lotus ponds, and aquatic plants with high removal effi-
ciency of organic pollutants, ammonia, roundworm cggs, and bacteria. The problems associated
with wastewater irrigation included surface and ground water pollution, increase in heavy metal
concentration in crops, and salinity buildup in soils.

1. INTRODUCTION

Disposal of municipal wastewaters is a problem of increasing importance throughout the
world. Application of wastes, including wastewasters to farmland with an aim for recycle and
reuse of nutrients and organics present in the wastewasters, is gradually gaining public accept-
ance. Nutrients in the wastewaters can be utilized for raising crops and in some dry areas the
water can reduce the. soil water deficit that limits production.

Irrigation with low nutrient content wastewaters, especially municipal effluents, has been
studied for various crops and under different climatic conditions [1]—[4] . Municipal waste-
waters can pose problems when added to water systems, because they are frequently rich in
nutrients and have a high oxygen demand due to the presence of soluble and suspended organic
matter. The need to conserve and reuse water makes it mandatory that these wastewaters be
utilized on potential cropland or by industry. However, depending on their industrial waste-
water contributions, municipal wastewaters may contain high concentrations of heavy metals
[51, [6]. Reported evidence has focused attention on such potential hazards as soil contamina-
tion, excessive concentration of heavy metals in food and feed crops, and deleterious effects on
crop yields arising from the use of these wastewaters [7], [8]. This study was designed to re-
port and to discuss the use of treated municipal wastewaters for irrigation in China.

* Department of Geological Sciences, Cleveland State University, Cleveland, Ohio 44115, U.S.A.
## Department of Civil Engineering, Cleveland State University, Cleveland, Ohio 44115, U.S.A.



18 H.H.LO, Y.-T. HUNG

2. METHODS AND DISCUSSION

2.1. PRETREATMENT METHODS OF WASTEWATERS FOR IRRIGATION

There were different kinds of bacteria, parasite eggs, and polluting materials in municipal
wastewaters. If they were used for irrigation without a certain degree of treatment, they defi-
nitely would cause some adverse effects. The water quality standard for municipal wastewater
used for irrigation in China is shown in tab. 1, which lists maximum allowable levels of various ,
quality parameters such as pH, suspended solids, and phenols [9]. To meet the water quality
standard, wastewater has to be pretreated using physical and biological treatment methods such
as settling tank, wastewater storage pond, and irrigation ditch.

Table 1
Water quality standard for municipal wastewater used for irrigation
Parameter Maximum Parameter Maximum
allowable level allowable level
pH 5.5-8.5 Pb 0.1
Water temperature 35°C As 0.2
Suspended solids 300 Sulfides 5
Salts 800-1000 Cyanides 0.1
Chlorides 300 Cr 0.1
Phenols 5 Hg 0.005
Oil & grease 20-30 Cd 0.1
Total solids 1500
Note; All units are in mg/dm3 except pH (in pH unit) and water temperat-
ure (in °C). :

The treatment performance of the settling tank of municipal wastewater treatment plants
is summarized in tab. 2 [10]. Wastewaters were allowed to settle for 2.5 to 5 h in the tank
before irrigating to the farmland. It was found that after the settling tank treatment the total
solids, COD (chemical oxygen demand), roundworm eggs, and total bacteria cound in the
water were removed in the range from 48 to 76%, 31 to 43%, 88 to 97%, and 33 to 71%,
respectively. However, the level of nutrient in the treated wastewater remained relatively
constant.

Wastewater storage ponds appeared to be quite effective in purification of municipal
wastewaters for irrigation purposes. In the northeastern part of China the wastewater storage
ponds also served as oxidation ponds. During the warm seasons the ponds have good treat-
ment performance. During the cold winter, even if the pond water was frozen, the anaerobic
degradation process would be operating and could still be helpful in purifying the waste-
water. It has been reported that the removal efficiency of COD, BOD (biochemical oxygen
demand), phenols, cyanides, suspended solids, and, total bacteria count from the wastewater
reached 59%, 50%, 50%, 50%, 76%, and 80%, respectively, using the storage pond treatment
method [11].
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. Table 2
Treatment performance of the settling tank of municipal wastewater treatment plant
sampie Liow  Flow  Detention o Total solids
No. rate velocity time Imfl EfL Infl. Effl. %
dm3/s mm/s h ’ mg/dm3 mg/dm3 Removal
1 337 184 35 69 69 -~ = =
2 23.5 1.28 5.1 59 6.1 758 330 56
3 304 1.65 396 6.0 6.0 582 310 46.7
4 489 2.66 2.46 6.1 6.1 810 380 53.1
5 31.8 1.73 3.78 6.1 6.3 1444 354 755
Sample Oxygen consumption Roundworm eggs Total bacteria count
= Infl.  Effl. % Infl.  Effl. % 108 cell/cm®
* mg/dm3 mg/dm3 Removal egg/dm3 egg/dm3 Removal ol EffL %
Removal
1 255 158 . 38.0 3072 96 96.9 54 3.6 333
2 27.3 189 308 2240 120 946 0.68 024 64.7
3 352 20.0 432 1720 208 - 879 476 184 61.3
4 46.0 309 328 720 48 933 398 1.14 714
5 498 ° 325 347 406 16 96.1 137 9.0 343

The performance of the irrigation ditch for wastewater pretreatment was also studied. It
was found that in a ditch of 6 km in length, with discharge of 0.4 m3/s, and flow velocity of
0.56 m/s, removal of phenols and sulfides through natural oxidation process amounted to ca.
40%, whereas that of the suspended solids, to 46% [11]. However, the contents of E. coli and
pathogens in the wastewater had remained unchanged during the irrigation ditch treatment.

2.2. PURIFICATION OF WASTEWATER THROUGH IRRIGATION

Ways of purifying municipal wastewaters by rice field, lotus pond, and aquatic plants are
listed below. : '

1. Purification of wastewater by rice field. The municipal wastewater pretreated in settling tank
(detention time: 2.46 to 5.1 h) was supplied to the rice field for a period of 2 to 4 days.
Table 3 [10] shows the performance of rice field in municipal wastewater purification. The
contents of BOD, NH3—N, TKN (total Kjeldahl nitrogen), and bacteria count in the waste-
water were drastically reduced. After 2 days of irrigation treatment, 98% of NH3;—N, 88.4%
of TKN, 78.6% of BOD, 96.6% of roundworm eggs, and 98.3% of bacteria were removed from
wastewaters.

2. Purification of wastewater by lotus pond. Table 4 [12] shows the purification performance
of lotus pond for municipal wastewater treatment. It was noted that after 3.6 days of lotus pond
treatment, BOD, bacteria count, and E. coli were removed at removal efficiency of 86%, 78%,
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and 95%, respectively. After 8.7 days of treatment, the removal efficiency of NH3;—N, BOD,
bacteria, and E. coli from wastewaters had reached 88%, 95%, 99%, and 100%,respectively.

Table 3
Purification performance of rice field for municipal wastewater treatment
Varameter Before irrig. 2 days after irrig. 4 days after irrig.
Value Value % Removal Value % Removal

Total solids 659 253 61.6 112 83.0
mg/dm3

TKN 13.14 152 88.4 1.42 89.2
mg/dm3

Ammonia 10.86 022 98.0 0.10 99.1
mg/dm3

BOD 18.76 4.02 78.6 30 84.0
mg/dm3

Dissolved oxygen 2.07 48 0 6.64 0
mg/dm3

pH 75 72 - 7.0 -

Roundworm eggs 1664 56 96.6 - -
egg/dm3

Total bacteria count 1154 0.193 98.3 - -
106 cell/cm3

Table 4

Purification performance of lotus pond for municipal wastewater treatment

Detention time

Parameter day
0.71 36 6.0 8.7
Hydraulic loading 1300 261 155 106
m3/ha . day
BOD loading 2420 480 290 198
kg/ha - day
NH3-N
Influent (mg/dm3) 315 315 315 315
Effluent (mg/dm3) 33.0 304 164 38
% Removal 0 35 479 879
BOD
Influent (mg/dm3) 186 186 186 186
Effluent (mg/dm3) 38.1 26.1 124 9.0
% Removal 795 86.0 93.3 952
% Removal of total 56.7 784 982 99.1

bacteria count

% Removal of E. coli 83 954 974 100
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3. Purification of wastewater by aquatic plants. The municipal wastewater was firstly treated in
settling tanks, then introduced into the field of aquatic plants. The performance of aquatic
plants in purification of pretreated wastewater is listed in tab. 5 [13]. It was found that the
Chinese aquatic plants, jiaobai and chigu, removed BOD and NH;—N from wastewaters with
the respective efficiencies exceeding 50% and 82%. Under conditions of lower temperature,
wet season, and shorter detention time, the performance of aquatic plants in wastewater purifi-
cation was less effective.

Table 5
Purification of settled wastewater effluent by aquatic plants
Parimeter Plant jiaobai Plant chigu
Aug. Sept. Oct. Aug. Sept. Oct.
Water temp. (°C) 27.:3 255 20.5 373 255 205
Trrig. rate (m3/h) 2236 248 145 1872 216 87.1
Water depth (cm) 138 15 142 5.65 5.02 6
Detention time (day) 6.26 6.5 10.6 297 2.35 7.08
BOD
_Influent (mg/dm3) 150.8 150 188.4 1499 1385 181
Effluent (mg/dm3) 19.7 17.8 16.8 218 25 18.12
% Removal 869 88.1 91.1 855 81.9 90.0
NH3-N
Influent (mg/dm3) 338 46.6 66.5 354 457 56.0
Effluent (mg/dm3) 122 232 24.7 17.6 25 21
% Removal 639 502 629 50.3 453 625

2.3. PROBLEMS ASSOCIATED WITH WASTEWATER IRRIGATION

1. Pollution of surface water by wastewater irrigation. Municipal wastewaters were pretreated in
settling tank and oxidation tank, were used for irrigation in the rice field. The same water was
then discharged to the creeks. Water samples collected from the creeks were analyzed for both
control zone and wastewater irrigated zone. Table 6 [13] shows the pollution of surface water

Table 6
Pollution of surface water by wastewater irrigation
: Oxygen .
parameter  pH  Chlorides D(:is;g‘:ff consump- BOD . NH3-N  Nitite Totatbacterh
mg/dm 3 tion mg/dm> mg/dm mg/dm 4 3
mg/dm g i3 104 cell/cm

Wastewater 7.43 69.7 099 11.85 377 1.06 0.053 0.36
irrigation zone
(avg.of 6
districts)
Control zone 749 62.5 1.29 109 293 0.1 0.005 0.186
(avg. of 2

districts)
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by irrigation of treated wastewater. It is noted that the levels of NH;—N and nitrite increased
about 10 times; BOD, total bacteria count, COD, and chlorides in the wastewater irrigated zone
increased by 29%, 94%, 9%, and 12%, respectively, compared to those of the control zone.

. 2. Pollution of ground water. Table 7 [14] shows the pollution of shallow well water by
wastewater irrigation. Well 4, the control well, was 300 m away from the wastewater irrigation
ditch. Wells 1, 2, and 3 were 45 m, 55 m, and 120 m away from the ditch. It is noted that the
contents of chlorides, nit:ate, as well as total hardness in water from the wells 1 and 2 were
much higher than those in well 4, suggesting that ground water pollution has to some extent
resulted from wastewater irrigation. The contents of chlorides and nitrates, as well as the hard-
ness in well 1 were higher by 37%, 33%, 8%, and 68%, when compared with those in the control
well. There was a little change in oxygen consumption indicating that organic pollutants may be
removed by microorganisms present in well water.

Table 7 -
Pollution of shallow well by wastewater irrigation
Well 4
Parameter Well 1 Well 2 Well 3 (control

well)
Distance from wastewater 45 55 120 300
irrig. ditch (m)
pH 75 7.3 7cS 75
Total hardness (CaO) 40.7 424 30.8 242
Chlorides (mg/dm3) 254 230 165 185
Oxygen consumption (mg/dm3) 1.60 1.80 147 1.58
Nitrate (mg/dm3) 250 211 161 - 57

3. Effects.of wastewater irrigation on crops. Contents of arsenic and chromium in crops, i.e.,
rice, wheat, potato, cabbage, tomato, etc., were determined. Results indicated that the AS level
has increased by about 2 times, from 0.02 to 1.0 mg per kg of vegetable, and Cr level has in-
creased by nearly 4 times, from 110 to 260 mg per kg of vegetable, when the crop land was
irrigated by wastewaters [13] . The effect of wastewater irrigation on farm crops was also inves-
tigated in terms of the parasite egg. It was found that the number of parasite eggs was closely
related to the detention time of wastewater irrigation. For example, in-one case study, the
number of parasite eggs was 20 eggs per 100 g of vegetable before wastewater irrigation. One
day after wastewater irrigation, the number of parasite eggs drastically increased to 50 eggs
per 100 g of vegetable, then gradually decreased to 40—20 eggs after 7 to 21 days of waste-
water. irrigation.

4. Effects of wastewater irrigation on soil. Wastewaters usually have high content of dissolved
salts. If they were used for irrigation, they could affect composition of the soil. In one area, one
year after wastewater irrigation, the white looking salts started to appear in the soil. The salt
content in the soil reached 300 to 1200 mg/dm3. In other areas, because of salt excess being
deposited in the soil, which resulted from wastewater irrigation, the productivity of rice was
significantly reduced.
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3. CONCLUSIONS

1.In China, the wastewaters used for irrigation should be pretreated using physical and
biological treatment methods such as settling tanks, wastewater storage ponds, and irrigation
ditches.

2. Wastewater storage pond removed 59% of COD, 50% of BOD, 76% of suspended solids,
and 80% of total bacteria from municipal wastewaters.

3. Rice fields irrigated with pretreated municipal wastewaters removed 98% of NH3—N,
78.6% of BOD, 96.6% of roundworm eggs, and 98.3% of bacteria from wastewater. Lotus
ponds removed 86% of BOD, 78% of bacteria, and 95% of E. coli. Fields of aquatlc plants
removed 50% of NH;—N and 82% of BOD.

4.Problems associated with wastewater irrigation included surface and ground water pol-
lution, increase in heavy metal concentration in crops, and salinity buildup in soil.
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WYKORZYSTANIE OCZYSZCZONYCH SCIEKOW KOMUNALNYCH
DO NAWADNIANIA

Zastosowanie $ciekéw do upraw zyskato akceptacj¢ spoteczna. $cieki uzyte w tym celu s recyrkulo-
wane, a zawarte W nich sktadniki odzywcze i organiczne wykorzystywane przez roéliny. Artykut opisuje
zastosowanie oczyszczonych Sciekéw do nawadniania. Uktad wstepnego oczyszczania $ciekéw uzytych do
irygacji sktada si¢ z osadnikéw, zbiomikéw i rowéw irygacyjnych. ansz'czanie wc‘x‘ly odbywa si¢ na polac'h
ryzowych, w stawach lotosowych i uprawach roslin wodnych, ktére maja zdolnos¢ efektyyvm?go u‘sgwamg
zahieczyszczen organicznych, amoniaku, jaj glist i bakterii. Problemy zwi-atzane z na}ﬂat'h}lafuem Sciekami
obejmuja skazenia wéd powierzchniowych i gruntowych, zwigkszenie stezenia metali cigzkich w plonach
oraz wzrastajace zasolenie gleb.

UCIOJIb3OBAHUE OUMHIEHHBIX KOMMYHAJIBHBIX CTOYHBIX BOX
' IJ1 UPPUTALIUM

TpuMeHeHHe CTOYHBIX BOJ, WIS KYNBTYp MOMYYMIIO OGUIECTBEHHYIO aKLEMTalHIo. YnorpebrneHHsle
U1l 9TOTO  CTOUHBIe BOJIBI SIBJLTIOTCS PENMPKYJIMPOBAHHBIMH, a COMlepXKAlllUecss B HAX MHTATENBHEIE U Op-
FaHMYECKHEe COCTABHEIE 3JIEMEHTHI HCIONB3YIOTCS pacTeHWsMHu. Hactosilast cTaTest OMMCHIBAET NMpHMEHe-
HHe OUMINEHHBIX CTOYHBIX BOJ MJiA opolueHus. CucTemMa npefBapHTENBHOM OYMCTKM CTOUHBIX BOJ, yTO-
Tpe6TIeHHbIX I UPPUrallid, COCTOMT M3 OTCTOHHMKOB, BMECTHIHIL W MPPHTallMOHHEIX KaHAB. Ouncrka
BOZIBI MPOMCXOMUT Ha PHCOBBIX MOJIAX, JIOTOCHBIX MPYAax M KyJbTypax ruapoduToB, KOTOpPHIe Coco6-
Hbl 3 GEKTUBHO YHAIATH OPTaHMYECKHE 3arpA3HEHMd, aMMHUaK, AHUA acKaphfioB U mukpo6s1. IIpoGie-
MEI, CBS3aHHbIE C OpOLUEHHMEM CTOUHBIMM BOJAMHM, OXBATHIBAIOT 3apKEHHE NOBEPXHOCTHBIX M IPYHTO-
BBIX BOJ, TMOBbIIIEHHE KOHUEHTPALMH THKENbIX METAUIOB B IVIOMAX, 2 TAKXe MOBBIIAIOIIYIOCH 3aCONIeH-
HOCTb NIOYBEI.




