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Abstract: This paper studied the non-point source pollution
type of Meijiadu Village, Gaocheng Town, Yixing City,
Taihu Basin, analyzed the process of rainfall-runoff
producing- pollution producing of two main runoff pollution
sources in the rural area, -calculated the mean
concentrations of the different rainfall events. Based on
local living conditions and poultry farming methods, the
runoff pollution characteristics and the influencing factors
were analyzed. Besides, a biological detention pond
technology suitable for treating runoff pollution under rural
conditions was proposed. The results show: The event
mean concentrations of these two polluted areas differed
significantly; within the same rainfall, the runoff peak
occurred 0.6-1.1 h later than rainfall intensity did, and the
concentration was also changed along with the runoff
process. However, at different rainfall intensities, the loss
law of the pollutants was similar. The concentration of
runoff pollution reached the peak within the first 10 min, but
the water quality became stable after the stabilization of the
runoff. Therefore, the concentration of runoff pollution was
affected by rainfall intensity, rainfall duration, poultry scale,
human activities, surrounding soil properties and many
other factors.
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INTRODUCTION

Water environmental problems of Lake Taihu are mainly
endangered by runoff pollution coming from agricultural
production, living of residents and poultry farming, etc. [1].
The clumsy life patterns and inadequate understanding of
water-use have increasingly overburdened the aquatic
system. The obsolete construction of relevant
environmental facilities has rapidly degraded the aquatic
system in rural areas. Besides, the aquatic system in small
towns is prone to eutrophication that is characterized by the
increment of organisms, nitrogen and phosphorus [2].
Particularly, runoff pollution is the main factor of rural non-
point source pollution [21]. Rainfall runoff pollution refers to
the water environment pollution in surface and underground
water, which is caused by the diffusible entrance of
pollutants in the atmosphere, ground and the soil under the
leaching and scouring effect of rainfall runoff. In particular,
the chemical fertilizers and pesticides used in agricultural
production contribute the most to such pollution [3].
Currently, the urban runoff water quality [4; 5] and rural
farmland surface runoff [6] have been studied extensively,
while the runoffs of typical residential villages have seldom
been referred.

In this study, typical runoff pollution sources in the study
area were interviewed and investigated. The runoffs of
poultry farming area and outdoor septic tank were
determined as two major point source (PS) pollutions of
typical rural pollutions. Their pollutants entered the river
along with the rainfall runoff and polluted the rural water
seriously. Meanwhile, a method for synchronization
detection of rainfall- runoff producing- pollution producing
was employed to clarify the runoff pollution characteristics
and laws. Besides, a biological and ecological treatment

115

THE AT TR T R RS T T T
WTTRIEN, T T A PIA T 77 RGN 1 -7 -
FGIFE, t 5 T AN G K EETH PRI, 2 =i
LATIR IR 5B TR 77 I T 8077 RAF IR A AT
FIHLEH] TS T ARG LTI T RN LYo BT
HRs Z7RZH]: X TEPIATTRIXEMCs ZIFHA;
X i) —2G K BER 12073 e W 1 T 19 74/20.6-1.1h,
HSE PG TERIL B, X T IfERT e 75
R KA, 7 F7L10miIn A 750077 Rk R,
TEIFE ST AK G T HE 150877 RS E N T 24/
FERTIINS s ¢ B TR A SEIT SR +- 2 15
W ZRIF TN o

Kb KR BB #AIEY

ElE]

DRWIKERS i) B 5702 (1], Ferhoke B Tk A=
Jii BREPE G ) B 2K AR BB A AR LTS St IX — LR TR 1)
EBGE . TR A 77 U HI KRR
ARIREE G gef F 886 INEE, 0 AH N AR PR S B e . A
M5 AR KM R SUREAL, CUAHL . R AR
AT BN IEFOK R BG 8 SR AL 2 e a3 2], Hohis
WLV G RAT AR SRS Qe — RIM K [21). BERARUTS
QEARAE FEFI ST R E R, KA A+
s G B KR N M AR ORI T T 3 R R 7K A 5
Ve AP A LIS . AR 2y i TS
GEIR[3].  F AT ST 32 28 A RSk IX A PR 473 7K 5 [4-5]
AR AR T RARFERITEL6], A J IS i [ DX A3
Wt

ASTOS P FE AIX 35 A PR L TR A% 3805 QAT T AE U
WA, T T K EFREX K RS X AR AR
ISP 3B R RS G o A5 N BE AR E TR
TG PR KRBT B o A SR R AR U o -7
-G, T T AR RS R X T



Vol. 42, No. 1/2014

technology- biological detention pond technology- suitable
for treating runoff pollutions under rural living conditions
was proposed [7; 8].

MATERIALS AND METHODS
Area overview and study object

Meijiadu Village, Yixing City is located in the west of
Gaocheng Town of the 5 square kilometers area and 580
households in total. There are about 244 scattered small-
scale poultry farming households that mainly breed
chickens and ducks using free-ranging raising pattern, so
the poultry manure cannot be easily collected. The barns
are mainly classified into open shed type, simple brick-
concrete style and simple wooden assembling type. All of
them do not have cushion bedding or manure collection
facilities. Hence, the poultry manure pollutants flow to the
river directly along with the runoff, thus becoming one of
the important pollution sources in rural rivers. In addition,
80% of local farmers have septic tanks, of which 20% are
open ones. The manure in open septic tanks flows into
ditches and ponds along with the rainfall runoff and
eventually into the rivers, thus polluting the water
environmental quality seriously and damaging the living
environment of villagers.

Based on the local runoff pollution characteristics,
poultry farming area and open septic tank as the typical
runoff pollution were selected to do the runoff pollution
detection, and TN, TP, COD and NH4-N are the major
indicators.

Sample collection and analysis

Within the catchment area of the study area, there are
two sampling sites. Since the areas were not frequently
cleaned, the surroundings of the open shed type hennery
and the septic tank were cleaned to remove the large
floating debris and fodders in the early period of rainfall to
minimize the effects of the outside factors. During rainfall,
synchronous sampling was collected in two sampling sites.
To ensure complete detection of rainfall- runoff producing-
pollution producing process, the samples were collected at
0-5 min, 5-10 min, 10-15 min, 15-30 min, 30-45 min and
45-60 min respectively within 60 min from runoff formation
to stabilization. Since sampling sites had high particle
contents at the bottom, the surface runoff samples were
obtained by a glass syringe, and then injected into 500 ml
polyethylene bottles. Each sample was filled fully in the
bottle without air so as not to affect the monitoring.
Meanwhile, a measuring cylinder was also placed in the
area during sampling, within which the runoff volume was
recorded hourly. After sampling, water samples were sent
back to the laboratory for analyses. Monitoring indicators
included TN, TP, COD, and NH4 -N

The fourth edition of the National Standard Sample
Monitoring Method was employed for sample analyses [9].
The pollution degree was determined by comparing the
concentrations of various pollutants and the ninth category
of water standards in GB-3838-2002 Quality Standard of
Surface Water Environment.
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Table 1 #1

Water Quality Testing Methods

Water quality index Analysis method
COD Potassium dichromate
TP Potassium persulfate digestion - spectrophotometry
TN Alkaline potassium persulfate digestion - UV spectrophotometry
NH,"-N Nessler reagent spectrophotometry
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Rainfall characteristics

There were four rainfalls occurred during this study,
mostly in the evening, and lasted 6-14 hours. The
rainfall capacity changed significantly from 5.6 mm to
27.3 mm at the 12th hour. In the selected area, the
runoff formation time was postponed by 40-210 min
owing to rainfall collection area and rainfall intensity.
The characteristic data of the four rainfalls are shown
in Table 2.
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Table 2/ #2
Characteristic data of four rainfalls
Rainfall session Rainfall time Runoff formation time End time Accumu_latfad rainfall
(unit /:mm)
2013-03-01(3301) 01:30 02:10 07:05 5.6
2013-03-22(3322) 01:40 03:00 07:15 27.3
2013-03-23(3323) 16:45 20:15 23:20 8.2
2013-04-06(3406) 13:10 15:20 05:50 17.6
Calculation of quantitative index JEEIER I E.

Since the pollutant concentration changes in a rainfall,
when study runoff water quality, the event mean
concentration (EMCs) from rainfall runoff [10] is mostly
utilized to calculate the pollution degree of a rainfall and to
compare horizontally. EMCs, as the ratio of total
pollutants amount to that of runoff, can be calculated as
equation (1).

PEMCs=M _
Vv

Where PEMCs is the rainfall mean concentration
(mg/L), M is the total pollutants amount produced in the
rainfall events (mg), V is the rainfall runoff amount (L),
p(t) is the pollutants mass concentration changed over

time (mg/L), q(t) is the flow changed over time (m3h),

and t is the runoff duration (h).

As shown in Table 3, the mean concentration of
3323 is higher than that of 3406, while the value of 3301
exceeds that of 3323. Therefore, EMC was related to
the rainfall capacity and the number of sunny days in
early period, because the accumulated fallout and
stacked poultry excrement were located on the surface
in the long-sunny-day areas. In the meantime, the
poultry wastewater accumulated on the soil surface of
rural area over time. Intense rainfall affected the organic
pollutants in soil and the surface particles, leading to
more severe pollution of water quality in the initial runoff
period. As suggested by the COD values, the two
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studied regions were subject to severe organic
pollution. TP,
Table 3/ #3
Event mean concentrations (EMCs) of different sampl ing sites (EMCs)

Rainfall Rainfall Poultry farming area (mg/L) Surroundings of septic tanks (mg/L) Number of
session time TN TP COD NH,"-N N TP COD NH,-N | sunny days
1(3301) 2013-03-01 7.8 4.3 267 3.2 8.4 3.1 260 2.9 30
2(3322) 2013-03-22 12.5 5.4 240 4.6 11.6 4.3 271 3.2 21
3(3323) 2013-03-23 9.4 4.9 120 3.1 9.1 3.2 120 2.7 1
4(3406) 2013-04-06 10.3 5.0 220 3.2 10 3.5 255 3.1 14

RESULTS AND DISCUSSIONS g B 550

Water quality changes of rainfall BERTAKTBAL

1) Rainfall - runoff changes
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Heavy rainfall event on March 22, 2013 and moderate
rainfall event on April 06, 2013 were selected to analyze
the rainfall change trend. The runoff volume in the rainfall
was calculated according to the hourly flow of rainfall into
the cylinder. As presented in Figure 1 and Figure 2, the
runoff lagged 0.6-1.1 hours behind rainfall. When the
rainfall capacity exceeded 1 mm, runoff formed in the
investigated area, with its volume increasing first and then
decreasing. Rainfall capacity and runoff volume changed
in the same way.
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Fig. 1- Runoff duration curve on March 22, 2013

After the formation of runoff, every runoff in poultry
farming area and septic tank behind the house was
sampled at different times to get 6 samples. These
samples were examined in the laboratory to analyze the
runoff water quality changes of TN, TP, COD, and NH."-N.
2) Runoff water quality changes of septic tanks

Rural septic tanks are featured with low rate of
harmless manure treatment and poor health status. The
environment of most toilets is poor. Without harmless
treatment, the environment is polluted directly by fecal
residues that are accumulated for a long time and
discharged arbitrarily. When raining, the pollutants flow
into the surrounding rivers along with runoff, and pollute
water quality severely [11]. Owing to the difficulty of
sampling, the samples were actually collected 20 meters
away from the outlet of runoff, and the test data are
shown in Figure 3 - Figure 6.
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Fig. 3- Rainfall runoff water quality changes in septic tanks
on March 22, 2013

At two different rainfall intensities, each index
decreased with extended time (Figure 3 and Figure 4).
The water quality changed significantly during the first
20 min and then stabilized. The rainfall of 3322
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Fig. 2 - Runoff duration curve on April 6, 2013
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Fig. 4 - Rainfall runoff water quality changes in septic tanks
on April 6, 2013
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changed significantly within the first 20 min, indicating
that the particles were obviously impacted by the
rainfall. Probably, TN concentration decreased before
rising while TP concentration dropped steadily owing to
the dilution of runoff. COD content decreased over time
in the heavy rainfall but fluctuated throughout little
rainfall.

3) Runoff water quality changes in poultry farming area

The studied poultry farming area has bred 10
chickens and 4 ducks in the main form of open shed free-
ranging, and ducks are placed in the pond next to the
hennery. The runoff flowed through the hennery to the
pond, so the runoff at the exit of pond was selected. The
surface water was sampled due to considerable
impurities at the bottom of the pond.
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Fig. 5- Rainfall runoff water quality changes in poultry farming
area on March 22, 2013

As exhibited in Figure 5 and 6, all pollution-related
indices in poultry farming areas and septic tank areas
decrease over rainfall time in the same way. The
difference between various rainfalls affected TP more
evidently. Phosphorus mostly adhered to small particles.
Upon heavy rainfall, the surrounding soils were scoured
and the TP contents changed. In the case of little rainfall,
TP concentration in the poultry area was higher than that
in the septic tank area, probably because the soils
surrounding the poultry area were less firm.

TN concentrations in both detection areas changed in
the same pattern of “V’-type, being consistent with the
results reported by Su et al. [12]. The low ammonia
proportion in the process may be attributed to the low
contents of DO and oxygen as well as unobvious
nitrification in wastewater. Based on the outcomes of the
two rainfalls, the number of sunny days in early period
and the rainfall intensity exerted significant effects on
water quality, especially on TP and COD.

Effects of runoff water quality features

(1) Functional areas and rainfall intensity

The rainfall in 3322 was selected for analysis. This
rainfall lasted for 12 hours with the capacity of 27.3 mm,
accompanied by obvious runoff and serious particle
scouring. The runoff water qualities in poultry farming
area and open septic tank area were compared as the
following figures.

INMATEH — Agricultural incetin

B, MEGTRE. 33228 N AEHT 20min A AR 4L 1
B, BUUIRERT R SRR T B . W] RER R IR
AL TNIRBEZ RGN B G X LT, TPIREERRD
N CODE REAE P B BE I B 7] R B, FERT 3L/
Iy 5 B T 39 1) 8t 8l o

3) FE IR ARRATALL

WA K EFRTE A FFIAY10, Wr4R, DUTiHY
PO CETR A 32, MOAERS & S5 il . ARG &R
M, RIETERIE DAL TR RS, T
W IR 2 /KRR REAT R ) o

Q 14 . ——TN —a—TP
& 12 A " p
-t g
‘Q < 10 4 .
=< 8|
£z 8

—
3% 4{ v
EE —
=8 24 Mo i L
Fg -

s o

O 0 20 40 60 80

Time/I 1) (h)

Fig. 6- Runoff water quality changes in poultry farming area
on April 6, 2013
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Fig. 7 - Water quality comparison of different functional areas

Within the catchment area, runoff water quality in
different functional areas was controlled by soil
properties. Both catchment areas in poultry area and
septic tank area were manure-containing rains, so the
water qualities of two functional areas were similar.
Figure 7 shows that TN, TP and NH,4"-N concentrations in
poultry farming area are all higher than those in septic
tank area at the same rainfall intensity, while the COD
concentration is lower. The results can mainly be
ascribed to the higher organic contents of human feces
compared to poultry feces. Phosphorus is produced as a
non-point source pollutant by a very complex process,
and it is subject to the combined effects of rainfall
process (rainfall type, intensity and duration) and the
underlying surface factors (topography, landform,
chemical and physical conditions of the soil, and
agricultural time measures, etc.) [13]. The phosphorus
concentration in poultry area was higher because
phosphorus compounds were generally adsorbed on
particulate matters. However, the loose soils around the
poultry area rendered them easily to be washed out by
the runoff. As shown in Figure 8, in the same functional
area, all pollution indices at heavy rainfall intensity are
larger than those at small rainfall intensity, suggesting the
impact of rainfall scouring is greater than that of dilution.
The influence of rainfall duration remains unclear.

(2) Different times

As evidenced by the detected values, the difference
between the pollutant concentrations in initial runoff and
later runoff was not significant. The pollution value was
high within the first 10 min, but total nitrogen increased
slightly in the late period. Overall, each index only
decreased a little over time. The highest concentrations
all appeared before the runoff peaks.
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Rural runoff treatment technology

The traditional rural rainwater drain method of
overflowing anywhere has many drawbacks. Rainwater
runoff management measure has been widely studied to
meet multiple benefits of environment, ecology and
economy, which is one of the problems that rural runoff
encounters.

Rural surface source pollution has been well treated
by constructed wetlands [14-15], with the removal rates
of NH4"-N, TN and TP being higher than 80%. Slope
buffer zone can also improve the river water quality in
stagnant runoff pollution effectively [16]. Rainwater
storage tanks, shallow trench and ponds of vegetation
[17], and multiple BMPs ecological processing have been
widely used to handle runoff pollution in rural areas, of
which biological detention pond is a novel, eligible runoff
treatment technology. It has been successfully applied to
treat runoff pollutants [18-20]. According to rural land
conditions and soil properties, runoff pollution can be
feasibly treated by biological and ecological approach.
Especially, combined ecological processing technology
has been proposed for runoff pollution disposal in poultry
farming sites and areas next to the improved septic tank.
This technology costs a little for running, but it can
significantly improve water quality by partial reuse of
treated water and by supplementing the residual into the
groundwater.

CONCLUSIONS

(1) At different rainfall intensities, runoff formations
were delayed by 40-210 min. Runoff formed in the survey
area when precipitation exceeded 1 mm;

(2) The runoff and precipitation changed similarly:
both increased first and then decreased;

(3) Water qualities in poultry farming site and septic
tank area both changed in the TN's “V"-type pattern, with
low ammonia proportions. TP and COD fluctuated less
after the stabilization of runoff. At the same rainfall
intensity, TP concentration in poultry area was higher
than that in septic tank area;

(4) The pollution value was highest within the first 10
min before runoff formation and the water quality
concentration decreased after stabilization. Both of their
values were lower than the initial ones.
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