CHAPTER 4

RESULTS

4,1 Wastewater Characteristics and Soil Properties

The c i ic wastewater, serially
‘collected for 2 om \gn ol . in Hauykwang Treatment
Plant during Nov o Mz : re summarized in Table
4.1. The tested S as D) deh sic, quite high in COD
loading, heavy co yioh | bf: L issolved of some ions,
i.e., NH_-N, ortho hi ﬂ ':')'_ all of these ions,
Cl content was t St 1) b\ Ca, respectively,
and none of NO_- ;z = Wt bt e in the chemicgl
composition of t.hem aSEew: inf a 20-week .period.

All tested parame { ted, but in different

degree. The gu P.sand orthophosphate

seemed to be ccmt.anb, e quant.iﬂes of Na, Ca, total N,
E.coli, fmd Cl were fluctuated. The last one was the

highest m th ﬂ&m @Wrﬂ ’]zmty {(Table 4.1).

The charéﬂt.er'istﬂcs of t.lae ef‘f‘luent. or soil-—tr- ed wastewater

Y R €8 0 4 Y e,

CcoD,% NH 4-N, orthophosphate, cations, anions and faecal coliform
were markedly reduced. Interestingly, the NOS-N content in some

effluent could be detected.

4,1.2 Soil Properties

Some physical, chemical and biological properties of

each soil series are summaried in Table 4.2 and Appendix F.1.
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Table 4.1 Averasge value and rans"q of some characteristics of the

tested wastewater

Parameters Range Mean Value n 4 o
pH 7 -8 7.80 © 18 .16
COD (mg/1) 601.99 19 71,7
NH,_-N (mg/1) 48.55 19 5.7
NO_-N (mg/1) ‘ ; : - -
TKN (mg/1) V 7 P, 5328 19 5.7
PO, (mg/1) ' | ' 19 1.1
Total-P (mg/1) 19 1.0
Na (mg/1) 16 5.5
K (mg/1) 16 2.3
Ca (mg/1) 16 4.8
Mg (mg/1) 16 43
Cl (mg/1) 16 13.2
S0, (mg/1>) . ) 38, 15 5.3
E.coli (mg/l;yq*m“”ﬂ““” (10° 1 .65x10° 13 -
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Table 4.2 Average values and ranges of some properties of 4-tested
soils. |
characteristics Pak Chong Khamphaeng Muak Lek Ban Bung
Saen
sand (%) 15.3 33.8 72.4 79.6
silt (%) 13.1
clay (%) 7.3
texture sséndy loam loamy sand
pH - 6.7-6.8
6.75
TKN (%) 0.139-~ .043 0.0112-0.0118
0.0117
NH,-N (%) .0002- 0
0
NO_-N (%) 0-.0002 0
0 : ;
Total-P (ppm) 22.6-31.9 10.7-12.5
: 11.56
Extract-P(ppm) 18.6 € 5.2-5.9
.76 .1ﬁ" 5.46
Na (meq/100g) 0.16-0.21 0.25-0.30_ 0.20-0.59 0.14-0.21

K (meq/100g)

UL A MEmMINEIDT, 2.,
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Mg (meq/100g)

Ccl (meq/100g)

13.49 11.5 17.46 5.67
1.39-1.82 2.85-3.44 0.32-0.42 0.06-0.08

1.56 3.19 0.39 0.07
0.028-0.034 0.084—0.10 0.028-0.084 0.017-0.022

0.027 0.092 0.045 0.018

31
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Table 4.2 (fa)

s characteristics Pak Chong Khamphaeng Muak Lek Ban Bung
Saen
SO, (meq/100g) 0.015-0.021 0.028-0.034 - 0.015-0.023 0.027-0.037
0.019 0.031 | 0.019 0.032
Organic C (%) 0.85-1.16 0.72-0.76 - 0.30-0.42 0.08-0.19
0.96 0.37 0.13
CEC (meq/100g) 16.17-19.82 = 1 .76-8.90 2.85-3.39
18.07 : 3.01
E. coli — ' nil
& (col/g)
e
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The texture of four soil series used in this experiment were Pak
Chong clay, Khamphaeng Saen loam, Muak Lek sandy loam and Ban Bung
loamy sand. The percentage of clay size particles in Pak Chong
serie was higher than in Khamphaeng Saen so0il series about

33.45%. Percentages of sand in four-tested soil. were 15.3, 33.8,
72.4 and 79.6 in Pak Chong, Khamphaeng Saen, Muak Lek and Ban Bung
series, respectively. The mean values of some parameters were

similar to those from th\&!" of Thailand (77,78,79,80),i.e.,

Ban Bung soil seriex Mg, K and Na were 0.4, 0.1,
?6.05, 0.2 meq/ y?ecﬂvelwntent oft CEC in Pak Chong
series was very q L followed by Khamphaeng Saen

(9.37 meq/100g

meq/100g), res Ve &t;gbqh that Pak Chong soil series is
4
slightly fertilde 2 Ban Bung is sharply low
f ;d’ I | ]
fertile (82). ".f}_ /
GG A
atels N
4.2 Characteristics ofliisé ed Wastewater, Effluent and Soils
. .i,l PR - |

--4

5;;,;.,.4;:4 i I
4.2.1., Soil PePmeability =
) a T £)

Thel erage a b 2d W§E}ewater per day into Pak

Chong, Khamphaegg Saen, Muak Lek and Ban Bung soil series are

equal ﬁ ﬂﬂﬂﬂmﬁ,ﬁﬁqﬂaﬁ Permeability of

four-test series were conducted by determ1ning volumes of

g AR E Oy

Twenty-?our hours after applying 5 liters of wastewater to each
soil series, about 56% of the total amounts of the wastewater were
added into Ban Bung, Pak Chong and Muak Lek soil series, i€,
2500, 2400 and 2150 ml,respectively, but in Khamphaeng Saen
series, the added volume or influent was quite small, 50-106 ml
only. After 2 weeks, the volume of the added wastewater in Ban

Bung series was nearly constant, about 1006 ml/day, through out
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the period of experiment. However, in Pak Chong and Muak Lek soil
series, they were slightly increased until 14 weeks. The average
values of the influent in four-tested soil series are shown weekly
in Figure 4.1. The best permeability was Ban Bung soil series
and followed by Pak Chong and Muak Lek soil series. The least one

was Khamphaeng Sean soil series.

The pH ranges of t £ 1uen -from ea Y series were narrow,
nt from Khamphaeng
Saen, Pak Chong, s0il series were 8.20,

8.11, 8.00 and 7.94 itially, pH of the effluent

from all soil series were.  ghtly ncreased, compared with the
T :

influent, amphaeng Saen effluent

was remained "7gql.he pH from Muak Lek
and Ban Bung ééal vere eas banAEhowev than the pH of

the influent.

ﬂUEJ’mEJ‘V]‘ﬁWEJ'Iﬂ‘E
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Soil pH of Muak Lek, Ban Bung, Pak Chong, and
Khamphaeng Saen soil series were 7.50, 6.75, 6.17 and 6.13,
respectively. After 20-week treatment with wastewater, soil pH was
slightly increased in the same trend in each sections of all soil
series. The average values of Muak Lek, Khamphaeng Saen and Pak
Chong soil series were 7.73, 6.56 and 6.50, respectively, whereas
pH in Ban Bung series were sharply increased from 6.75 to T:TE

(Figure 4.3 and Appendix F.2-F.3 ).
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4.2.3 Nitrogen Content

4,2.3.1 Nitrogen Content in Influent and Effluent

Total kjedahl nitrogen in the influent was 53.28 mg/1

and highly composed of NH - ith the average value of 48.55 mg/1

(Figure 4.4 and Appendix E ). There was a small amount of
organic nitrogen and n ( ‘7 r continuous treatment of
20 weeks with w@, @Chcmg. Muak Lek and Ban
Bung effluent | two weeks, i.e., 0, 16.24
and 16.61 n ¢gradually increased
during week-3 togwe 7 € NH_-N in the effluent
would gradual NOS—N would gradually
increase at thi the effluent from three

soil series, exc series, were more than

6.0 mg/l, and the 0O -N was found from Muak
Lek effluent. .S erent trend of the content of
nitrogen species n:hﬁ&Vaﬁf N could be found from

Khamphaeng Saen ) Etontent of NH N was

gradually decrgsed
experiment. The;b ults showed t the amounts of NH -N in the

s i IFHRY EMEFY e ot v

contents n influent and the amounts of NO -N had increased from

A RN SATRIITN R = =

effTuent except from Khamphaeng Saen luent.

.44 @1 during the period of

4,2.3.2 Nitrogen Content in Soil

From Figure 4.5 and Appendix F.2-F.3, the percentage
of total kjedahl nitrogen content were markedly increased in all
soil sections (A-G) of the four-tested soil series. The highest

increment of total kjedahl nitrogen level was found in Muak Lek
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(2.33 times) and followed by Ban Bung (2.31 times), Khamphaeng Saen
(1.63 times) and Pak Chong (1.49 times), respectively. Similarly,
NH_-N content were also markedly increased in all soil sections,
i.e., the average of 130 times increment occured in all section of
Pak Chong soil about 22.25 times in 6 sections of Khamphaeng Saen
soil except in section C which increased from zero to 0.0157%. In
the last 2 soil series, the‘c?ntent of NH_-N increased from @ to

a )NH‘—N in Ban Bung was less

0243 X in Muak Le BP963 % in Ban Bung soil.

Eventhough, the i

in all soil secta®r ' ewa treatment were increased
from zero to™a a1l ar W soil NO_-N could be
detected in al ewater treatment, the
amounts of NO_-N#n l'_# - s K \ eries were decreased in

section B-G whe “t : same level in all

4.2 P R Infiient and Effluent

‘a

HH Y| TR 1 e i

P
or inf‘lu.mt are ound in the range of 8.32-11.93 mg/1 and
6.10- %1 wikh J m Rt 7,68 w1
reaﬁgﬁ qwﬂﬁmm ’lp : :[E.E showed that
orthophosphate could be detected from Muak Lek and Ban Bung
effluent: after 4-week treatment of wastewater and then gradually
increased until the end of 20-week treatment, whereas small

amount of orthophosphate could be detected from Pak Chong effluent

but undetectable from Khamphaeng Saen effluent.
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4.2.4.2 Phosphorus content in Soil

Figure 4.7 and Appendix F.2-F.3 present the total
phosphorus and extractable-P content in. the four-tested soil
series. After treatment of wastewater, the amounts of total-P in

all soil series were increa w1th different degree. In section

A, the amount of to al- increased in Pak Chong

series, from 31.88 t.imes. then from 20.25 to

48.25 ppm or 2.38 s ri —.17,, from 64.0 to 102.19 ppm
or 1.59 times in ‘ 3 > %ﬁ‘om 12.50 to 17.83 ppm

7 _ ' ‘ ! wever, the amounts of
total-P were alsogsharp : B ';‘_ , ction B and C of the Pak
Chong soil serie } J b wer \ l1ly increased in Ban
Bung soil seri “ It was shown that the
average amounts o in all soil series, that
was, from 28.00 to
11.56 to 28.11 ppm on‘,§7§
42.83 ppm on-,fi 16 bisie tha

times in Pak Chong soil,from

n Ban Bung soil, from 20.71 to
‘ id from 67.43 to 77.86

ppm or 1.17 b9 ies (Appendix F.2-F.3).

TQ amoun

in Pak Chong, ¢ Khamphaeng Saen and Ban Bung soil series.

Especm.lﬂ ug Q w EJ ﬂ% w&q ﬂ@soxl series, their

contents er-e double. nt.rax‘y. t.he ext.ractable—P contents in

6 TR ) s

y, the average amount.s of extractable-P were slightly

ab le—Fﬂver‘e slightly increased

increased in 3 soil series, i.e., from 5.5 to 1.2 ppm or 1.87
times in Ban Bung from 1.97 to 2.34 ppm or 1.19 times in Pak
Chong and 9.7 to 16.4 ppm or 1.06 times in Khamphgeng Saen soil
series. In Muak Lek series, it was slightly decreased from 6.1-

to 6.0 ppm (Appendix F.2-F.3).
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4,2.5 Cations Content

4,2.5.1 Na Content in Influent and Effluent

Figure 4.8 and Appendix E.1-E.5 present the

concentration of Na 1n nfluent and the effluent from

four—tested soil seri ation of Na from Khamphaeng
Saen effluent mar; Q to 75.59 mg/1 within 6

weeks, then its »1es gradually increased
to 162.06 mg/1 ment. And also the Na
content from Mua m 48.07 to 79.73 mg/1

constant and almost
equal to the Na co e & ¢ }1: ent.  However, Na content from
Pak Chong effl . d .0 68.29 mg/1 within 2

weeks. Then, i g 1 lecre 0 63.59 until the end of

about 71.57 me/1 and little lower than the average value of Na

TN Inens

4 2.5.2 Na Content in So

ARIANN 0N URINENA Y

The exchangeable Na of the four soil series are shown

in Figure 4.9 and Appendix F.2-F.3 . After 20-week treatment of
wastewater, their content in each section of each soil series were
increased. However; the increment rate of exchangeable Na content
in different sections of Muak Lek and Ban Bung soil series were
not equal. The .quantity of Na content from seven sections (A-G) of
Muak Lek soil series were 0.06, 9.11, v.37, .39, .20, 9.26 and

.25 meq/100g or 1.10, 1.19, 2.68, 2.95, 1.51, 1.74 and 1.74
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times, and Ban Bung series are 0.19, 6.17, 06.15, 0.15, .14, 0.16
and .19 meq/100¢g, respectively, or 2.12, 1.85, 1.71, 1.67, 1.22,
1.89, 2.43 times. It is noticed that, after treatment of
wastewater for 20-week, the total amounts of exchangeable Na in
each section of the two soil series were almost constant, i.e.,
9.32-0.37 meq/100g for Muak Lek soil series and 6.59-0.67 meq/100g

for Ban Bung soil series. changeble Na content in Pak Chong

%l all sections, that was, from
@Similar\ly, its content in
T————

increased but in lower

‘s0il series were shar‘\l\‘
0.21 to 0.97 meq/1@0g or

— — r
Khamphaeng Saen
degree, that /100 or 2.62 times. It

e ‘&\ ment of exchangeble Na
: %s.

4.2.58 erbs in Influent snd Effluent

could be concl

content was occ

The cohcefibratior ' influent and the effluent
from four-tested soil eri shown in Figure 4.10 and
Appendix E.1-E:5. Initially ‘ ! in the effluent from
Pak Chong, - » ower than its content

in the influe in the ir 3-week tt‘eﬂnenb, then followed by

gradually _inc eésae‘ and endedfp with their total amounts were

higher t@- ugtg mﬂ§ w"g mﬁy, its content from

Khamphae Saen effluenty were hi her than K ontent in the

AT ) TR G ) Fip e o

conc%ntr‘at. jon was 23.71 mg/1.

4,2,5.4 K Content in Soil

The K content in four tested soil series before and
after treatment of wastewater are shown in Figure 4.11 and
Appendix F.2-F.3. Except in Khamphaeng Saen soil series, the

initial amount of K in Ban Bung, Pak Chong and Muak Lek soil

438
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series were lower than the optimum content of K in fertile 1land,
i.e.,0.15-0.25 meq/100g (57 ). After 20-week wastewater treatment,
their content in all sections of all soil series were higher than
the initial state but in different degree. The average content
of K were from 0.09 to 0.50 meq/100g or 5.91 times in Pak Chong
soil series, from 06.31 to 6.47 meq/lﬂ@g or 1.55 times in
Khamphaeng Saen, from 0.16 to 0.45 meq/100¢ or 2.99 times in Muak
@\ r 3.99 times in Ban Bung.
b 1 & series was increased but

—— e
the total amount phafgeabqthis series had been

continuously lower , nt, . In Pak Chong soil

lek and 0.04 to 0.14

Eventhough, K conte

series, the K cont increased, i.e.,

from 0.07 to 0.5 “in other soil section

. A
5 kimes. Anyway, the

soil series after

(B-G), their con
total K content

show the total
amounts of Ca j\ both the influen ' “&tewater and in the
effluent from f‘our scnl ser\iesn.e.. Pak Chong, Khamphaeng Saen,

Muak Lek arﬂﬂ ﬁﬂa tﬁﬁwﬁﬁrﬁ ﬁn series, their

content in tme ef r'ply decreased in the first 4 weeks,

AN e e

gradually decreased which was lower than its content in the
influent. In the period of experiment, Ca content from Pak Chong
and Muak Lek effluents were higher than its content in the
influent, whereas Ca content from Khamphaeng Saen effluent was
changed from higher to lower than its content in the influent at

‘the sixth week.
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Figure 4.12 Total Ca in the influent and effluent from soils
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4,2.5.6 Ca Content in Soil

The amounts of exchangeable Ca in the four tested
soil series before and after treatment of wastewater are shown in
Figure 4.13 and Appendix F.2-F.3. Exception in Ban Bung series,
exchangeable Ca content in all sections (A-G) of all treated-soil

series were higher than their content in the same untreated-soil

series, 1i.e., Pak Ch Saen and Muak Lek series.

However, the total ent were not much, about
1.24-1.,72 times.

t.h h@ngeable Ca contents in
section A-E of | ser \wwer\ than their contents

in the same se one ) réated—soil series. The

remaining sections 5 d - C in treated-soil were

4.2.5.7 cdhton if‘y : d Effluent

Their content 1§j2 : iaak Lek and Ban Bung

soil series, wege lower than content except from Pak Chong

T e s

about threﬂ]weeks after addtng the wastewater. Contrary, Mg content

THRTRNT TR TN TN - -

i fl

4.2.5.8 Mg Content in Soil

The total quantities of Mg in four-tested soil series
before and after passing of wastewater are shown in Figure 4.15
and Appendix F.2-F.3). After wastewater treatment, Mg content in

all sections (A-G) of three soil series, i.e., Pak Chong, Muak Lek
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and Ban Bung, were higher than their content in the same
untreatd-soil series. Comparing with other soil series, it found
that the concentrations of Mg in Ban Bung soil series before and
after wastewater treatment were quite small, i.e., #.07 and 0.6
meq/100g, respectively. It means that the accumulation of Mg in
different soil sections of Ban Bung soil series seems to be

series were also si \

similar. The trends of Mg co ent in Muak Lek and Pak Chong soil
ontent in Ban Bung, but the

accumulation of M eng Saen soil series was

slightly decreaw
sharply decreaisg‘.iﬂ’ff

of treated soil but was

i1 sections (E-G).

4.2.6
bl
Influent and Effluent
e in the influent and in the
effluent from four—te%ééﬁ%ﬁ?j 7 Ies are shown in Figure 4.16
"and Appendix ‘_‘f,l—lf-g. 'ﬁm e # rg': all effluent were

lower than its o /varied widely. Their

content in the ¢1fiﬁé S andﬂaak Chong soil series
were remarkedly ge reased wibhi six weeks. After that time it

content ﬁlu%‘l (}mﬁxﬁﬁw &}.@ ﬂ ﬁ(about 0.9 mg/1

until the &hd of the experlment, whereas SO, content from Ban Bung

o TR TR NI IR e

almost the same ratio.

The concentration of Cl ions in the influent and
from Pak Chong, Khamphaeng Saen, Muak Lek and Ban Bung effluent
are shown in Figure 4.17 and Appendix E.1-E.5. Originally, its
content in the influent was quite varied. After adding of
wastewater, Cl content in all effluent were lower than in the

influent or wastewater, except from Khamphaeng Saen effluent which
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Figure 4.16 Soluble SO4 in the influent and effluent from soils
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jts content in the first 2 weeks were markedly higher than the
original one, but after that time, its content was lower than C1

content in the wastewater.

4,2.6,2 SO and C1 Content in Soil

SO L conten 1‘]7: t.est.ed—soil series before and
after wastewater tre \ in Figure 4.18 and Appendix

F.2-F.3. Their m}ﬂ gin éections (A-G) of all
A - R S il

| —
untreated-soil ﬁ——‘ m be equal or in narrow
wastewaber passing through, SO

range (0.02-0.

4

concentrations 8 soil series were higher
.

%ent in soil sections
A-D of Pak Chong, ' ; v mg soil series were markedly
increased and t en ' §rac  ' ' sed in the remaining soil
section (D-G). . nulation occured in soil
section A-C of those _r__ 7 “50il1 series. SO, content in

of il

all sections . series were gradusally

£

increased.
in four-tested soil
series before “and after paing of wast ‘a’oer are presented in
Figure ‘m -f riginal.concentrations of C1
ions in@nﬂ d’ Eﬂn sﬁ ﬂ:lﬂ ﬁ.ez—@.ea meq/ 10@5)
were lower than their coﬂcantratima. in Khamphaeéng Saen and Muak
o] 1 | S0 | obdrbo g Voalidbeh | Poc] B Jwere  ratner
constant. After wastewater treatment, their contents in all
sections of all soil series were higher than the original ones,
but varied widely. Cl contents in Ban Bung and Khamphaeng Saen
soil series were gradually increased from section A-G, whereas its
content- in Muak Lek soil series was sharply increased in soil
section B and C, then markedly decreased in section D and

increased again in the remaining sections (E-G). In contrast, its

content in Pak Chong soil series was ¢gradually increased from
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sections A-D, and then markedly increased in sections E-G.

4.2.7 Soil Organic Carbon Content

The total amount of organic carbon in four-tested soil
series before and after wastewater treatment are shown in Figure

4.20 and Appendix F.Z;F.S‘
o

Organic carbon concentrations in

pending on their fertility.
soil series, the higher

k Lek soil series,

different so0il series

The least one wa ed 1n
ones were in &
respectively, Pak Chong soil series.
After passing of ugh nic carbon contents in
all so0il sections/ : 1"; 1 " n “were higher than the
initial levels®in " untneaf .-‘5 s. In Ban Bung and Muak
Lek soil series ! J: ‘  cf:  ,4carbon in treated soil
was quite low, i. m @+ 13% ) 5% or 1.44 times in Ban Bung
soil series and 0 4% orp1.45 times in Muak Lek soil
series. In Khamphaeng Saﬁmrf il

‘"’"-"‘—‘" ‘?4

A, F and G wer;}quibe high, ©

their contents in section

ge' tions B-D, it found

that organic ‘*-“f, CO nge (1.03 to 1.07%) or

nearly equal. IjSimila‘ ghest céﬂpentretion of organic
carbon was found{x treated Pa hong soil series, that was from

oot b 812 IS PSR G et curin

increased s&tens1vely in P?k Chong and Khamphaeng Saen soil series.

ARIANEM UAIAINYAY

2.8 COD Loading

COD 1loading of wastewater and effluents from four
tested-soil series are presented in Figure 4.21 and Appendix
E.1-E.5. The average value of COD loading of the influent was
601.99 mg/l. Their values of all effluents were lower than COD
loading in the influent, i.e., about 90% decreasing. However, the

wastewater had been settled down inside the lower ends of the
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vertical columns of the influent. Thus, the initial COD loading
before perculating through the soil column was less than original
COD loading of the wastewater. It was found that about 30% of its

loading was decreased (Appendix G).

4,2.9 CEC Content

The amoun ur tested-soil series before
and after treatme bewa shown in Figure 4.22 and

QEC in each untreated soil

were different and : ¥ /¥ol \ Hﬁ . all sections (A-G) of the
same soil N ed in Pak Chong soil
series, and the ; ¢ ‘f in B : g soil series. In Muak
Lek and Kha | ir ground level were
g, respectively. After

passing of waste B ‘ -  11 treated soil series were

in Iﬁ}luent and Effluents

ﬂ u&}”% %ﬂﬂﬁﬁ_ﬂ r]ﬂ%n’o and in effluents

from four ested soil seﬁges are shown in FlgUre 4.23 and Appendix

RGN e

thef influent. All soil series could eliminate E. coli from the

influent and made the effluents clear of the microbe at the
different periods of time, i.e., 7, 14, 15 and 17 weeks for
Khamphaeng Saen, Pak Chong, Muak Lek and Ban Bung soil series,
respectively. It was found that clearance rate of E. coli in Muak
Lek and Ban Bung soil series seems to be similar and slower than

Pak Chong and Khamphaeng Saen soil series.
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4,2.10.2 Fecal Coliform in Soil

Viable counts of E. coli in soil sections (A-G) of
four tested soil series are presented in Figure 4.24 and Appendix
F.2-F.3. In all untreated soil, E. coli could not be detected or
no contamination of fecal coliform. E. coli could grow in all

77‘

sections (A-G) of all wast er treated soils, and the highest

number viable counts of ies could be found in section

A, then similarly s B-G, and the least number
of E. coli occured i G of all treated soils. In
section A of the soil series, E. coli
could be dete and declined sharply
from sections BB ; ‘vf “ ; , ;g ' ccured in the remaining
treated soil serie . all treated soils, and
the organism co 1 number(37-270 col/g of

soil).

Some’ g characterishic influent or domestic

ﬂ UEIBENSNRI AR S riewe .08

After 2@— ek passing of wastewater through Pak Chong soil column
DA LA LMLl 1) N
seemed to differ from those of the influent. The mean value of pH
was slightly?higher. Contents of 8 of 11 parameters in the Pak
Chong effluent were lower than their contents in the influent,

i.e., Na, Mg, Cl, COD, NH4—N, 804, and orthophosphate. It was found
that, Na content, at the week 20, was changed from lower to higher
than influent. Also, the mean percentages of Ca and K were higher

than their influent.
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Figure 4.23 E. coli in the influent and effluent from soils
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4,3.2 Khamphaeng Saen Effluent

Figure 4.25 and 4.27 showed the chemical and
biological properties of influent and Khamphaeng Saen effluent.
The average amount of added wastewater per day into Khamphaeng

Saen so0il column was 97 ml. After 20-week passing of wastewater

7

reduced. The cont Na w ply decreased with in 1-4
weeks, and then be &re r@il higher than influent.

For all the perjie X nent > ents of K and Mg, were

NOa—N, orthophosphate and «c0li could not be found and lower

than influent. COD, SO4 s, Ca and Cl1 were

clearly higher Lhds (& E; uent . The pH of the

Khamphaeng Saen efflug eased.

4,3.3 Mus

than their coygent.s ﬂe., so,, COD, NH -N,

orthophosphate, Mg Cl and Na. nd Ca content were higher than

e i8] AREAS WL IS, ot atee 0

of the Lek effluent w tﬂs sllghtly increased. While K content

mrRIAN T Y VIR =

-N could be detected and its content at the week-20 was
17.82 mg/1. NOS~N in the influent could not be found. Viable count
of E.coli could not found in Muak Lek effuent at week-15.

4,3.4 Ban Bung Effluent

Some characteristics of Ban Bung effluent changed as
same as Muak Lek effluent and showed in Figure 4.25 and 4.29. The

7
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average amount of added wastewater per day into Ban Bung soil
series are equal to 1197 ml. NOS—N could be detected at the week-5
and the content of the week-20 was equal to 8.93 mg/1. so_, CoD,
NH_-N, PO_-P, Mg and Cl1 were lower than their influent and pH and
K were higher than those in the influent.

4.4 Changes in Some Charaqterxsbics of Soil After Wastewater

\N 23

Treatment

Some _ treated and treated Pak Chong
soil were shown i & 4 1 able 4.4. The average
contents of al . reased after passing of
wastewater for concentrations in the
treated Pak Chon ‘;Jt al=P, Mg, organic carbon,
total-N, Ca and CEC ion A (-5 cm), about 35.5,
1.20 times, respectively. The
?h as, NH_-N, NO_-N,

liur F ((40-56 cm). The

8.43, 4.48, 2.5 2.42, 1.6
_-p,/t::,

highest contgﬁf of other parame e

extractable-P

-

average afterligfdfe Pl i}d extractable-P, were

136.03, 8.97 an? .17 times, nr pectlvely. NO —N and E. coli

could be%ﬂ ’} ﬁ 8 m w S ’}ﬂ jwhereas untreated

Pak Chong ﬂb11 could not be found (Table 4.4).

- PRI TR mA

parameters were highly accumulated at 6-5 cm (section A), i.e.,

E.coli, SO_,, K, total-P, organic C, Mg, total-N, Ca and CEC. Other
parameters,i.e., NH4—N, NO_-N, Cl and extractable-P were highly
accumulated in section F or 40-50 cm. Na was found in section E
(30-40 cm). The highest value of pH was found in section B of the

column (5-19 cm).



Table 4.3 Changes in some characteristics of_Pak Chong soil series in
column which had been - treated with domestic wastewater
for 20 weeks.

characteristics

Average Concentration A/B ratio Concentration in
of soil before after (times) soil section after
treatment (A-G)
highest  lowest
length(cm)
pH 6.17 B(5—’10) G(50-60)
TKN (%) 0.14 A(O-—S) C(10-20)
NH,-N (%) 0.0 F(40-50) C(10-20)
NO_-N (%) 0 F(40-50) C(10-20)
Total-P (ppm) 28.0 A(0-5) D(20-30)
Extract-P(ppm) 19.65 F(40-50) A(0-5)
Na (meq/100g) 0.18 E(30-40) B(5-10)
K (meq/100g)  0.09 A(0-5)  B(5-10)
Ca (meq/100g) : A(0-5) E(30-40)
Mg (meq/100g) A(0;5) E(30-40)
Cl (meq/100g) 0.03 F(40-50) A(0-5)
S0, (meq/100g) 0.02 8.79 A(0-5) G(50-60)
Organic C (%) fJ 15- f] 0-5) D(20-30)
CEC (meq/100g) @gzj ﬂm‘ Wﬁ ﬂ iO—S) G(50-60)
E. coli ﬂj G(50-60)
e ANTRINTNTNINGARE

\Texture: sand:silt:clay =

A/B ratio

15.3:26.7:58.3
= after/before
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4.4.2 Treated Khamphaeng Saen Soil

Some characteristics of Khamphaeng Saen soil before
:and after wastewater treatment are shown in Figure 4.32-4.33 and
Table 4.5. Most of them were increased in the treated soil except
NO_-N and Mg. NO_-N contents of sections B to G were decreased
whereas its content in s A was increased 1.1 times, and
after/before ratio g@ uced about 1.63 times. The

3
B

highest contents 14 p were found in section A
(0-5 cm), i.€., S "I—NW—P, extractable-P, and
after/before rati \ hs~‘hT¥ia‘B1 55, 1.17, 1.06 times,

ased highly at section G

respectively._Cl
(50-60 cm) s, respectively. The pH
value of the trea creased about 1.68 times
and its highest £ n B (5-10 cm.).
The olumn was 60 cm. It was
found that the acc : P55 i and both cations and anions

total-P, extractable-P in

treated Kham--jm»nr _ Al e d.in section A or 0-5 cm

pH was found in section
B (5-10 cm). Cor cilbon were accumulated at
the end of soilf golumn (50-60 @m) and Ca content and CEC value

el S S TN e it e

Khamphaeng aen soil betwqfn 10-60 c of the le of column but

R R IR RN ?%EH@ B

4,4.3 Treated Muak Lek Soil

Figure 4.34-4.35 and Table 4.6 show some chemicals
properties and the content of E. coli in treated and untreated
Muak Lek soil series. Most parameter were increased except
extractable-P and Cl. Extractable-P contents in treated soil at

section A-D (#-30 cm) were lower than untreated soil except at



Changes in some characteristics of Khamphaeng _Saen soil

Table 4.4
series in column which had been treated with domestic
wastewater for 20 weeks.
characteristics Average Concentration A/B ratio Concentration in
of soil before after times soil section after
treatmeht (A-Q)
highest  lowest
length(cm)
prH 6.13 B(5-10) F (40-50)
TKN (%) 0.072 7 A(0-5) D(20-30)
NH,-N (%) 0.0004"" " 0fo0go 2225, ™ - =
NO_-N (%) 0.004 \ A(B-->G decrease)

Total-P (ppm) 67.43 A(0-5) B,G
Extract-P(ppm) 89.76 ; A(0-5) D,E,G
Na (meq/100g) 0.27 A(0-5) F(40-50)
K (meq/100g) 0.31 A(0-5) B(5-10)
Ca.(meq/100g) .11.5 E(30-40) C(10-20)
Mg (meq/100g) 3.19. A(0-5) D(20-30)
Cl (meq/100g) 0.0¢ s D A(0-5)
S0, (meq/100g) 0.03 G(50-60) A(0-5)
Organic C (%) 0. 73 1 62 1.38 0(50-60) E(30-40)
CEC (meq/100g) 3u WE -40)  C(10-20)
E. coli a\ H ’J ﬁﬂmj ’] rtﬁ" G(50-60)
(col/g)
AN awm'zu UNIINYIAY
Text.ure : Sand : Silt : Clay = 33.8 : 41.4 : 24.8
A/B ratio =  after/before

82



83

Unireated Ks

ION (meq/100 g)
I4W

& 5 10 P00 46 60 %0 W,
A e S R T 6

section

Figure 4-32 Characteristics untreated Khamphaeng Saen soil series
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sections E-G (48-60 cm). Cl content decreased at section A,
while at sections B-G or 5-60 cm, its content increased. The
highest contents of SO‘, organic carbon, Ca, Mg and CEC wvalue
were found in section A (#-5) and after/before ratio were 106.21,
1.45, 1.42, 4.32 and 1.18, respectively. E. coli, NH4—N and NOS—N
in treated Muak Lek soil could be found, i.e., 6.06x10> col/g,
9.0243, ©.0013%, respectiv nd they could not be detected in
the untreated soil. ww value of pH was slightly
gents of K, TKN, total-P

“mz 83 and 2.16 times,

rameters ( E.coli, SO‘,

increased from 7

were sharply
respectively, (
Mg, organic C, ed highly in section A
(6-5 cm), but K ite high. Another of 3
parameters (C ;7 P) were increased highly

at 50-60 cm and Na 2-3% om and, tot at 38-50 cm.

“composed of sand about
79.6% (Table 4 ater for 20 weeks,

the average < " of st parametere increased except Ca

(Figure 4.36-4. 37‘ #%Ca concentbation section A-E decreased
whereas u& ’lm gm g w}ghfln jx ncrement of total

P, Na, CE s E. coli were found in ct.:on G, w e the highest C1
o2 614 € B 4] )| B R 7
extr table-P was increased and was found quite high at the length
of 20-30 cm of soil column. Differently, the highest
concentrations of Mg and TKN and the highest value of pH were
found 1in section B, but the highest concentration of K was found
in section B.
The accumulation of ions in Ban Bung soil column were
different from the first 3 soil series. Most of them were found

increasely at 40-60 cm of the length of soil column, i.e., Cl,



Table 4.5 Changes in some characteristics of_Muak Lek soil series in
column which had been treated with domestic wastewater
for 20 weeks.

characteristics Average Concentration A/B ratio Concentration in

of soil before after (times) soil section after
treatment (A-G)
highest  lowest

"// | length(cm)
9 ({é'pn(s—m) G(50-60)

pH T80

TKN (%) 0.0413 ,r-' B(5-10)
NH,-N (%) 0 =

NO_-N (%) 0 o

Total-P (ppm) 20.71 3(50-60) B(5-10)
Extract-P(ppm) 6.18 7+ A-—>D decrease E-—->G increase

Na (meq/100g) 0.38 D(20-30) A(0-5)

K (meq/100g)  0.18 B(5-10)  G(50-60)
Ca (meq/100g)  17.46 G(50-60)
Mg (meq/100g)  0.39 7 : G(50-60)
Cl (meq/100g)  0.05 (ot GU50-60) A(0-5)
SO, (meq/100g) 0.02 - E,F,G

Organic C (%) 0.368 0.53 (0-5) D(20-30)

= e sy PPENINGNT Lo
“ ARIANIUNNIINYIAY

Yexbure s Send : Si1t s Clay = 92.4: 1693 12.4
A/B ratio = after/before
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Figure 4_ 35 Characteristics treated Muak Lek soil series



Table 4.6 Changes in some characteristics of _Ban Bung soil series in
column which had been treated with domestic wastewater
for 20 weeks.

characteristics Average Concentration A/B ratio Concentration in

of soil before after (times) soil section after

treatment (A-G)

highest  lowest
length(cm)

pH 6.75 B(5-10)  G(50-60)
TKN (%) 0.0117 3(5-10)  F(40-50)
NH,-N (%) 0 A(0-5)  E,G
NO_-N (%) 0 A(0-5)  C,D

Total-P (ppm) 11.56 G(50-80) A(0-5)

Extract-P(ppm)  5.46 ; D(20-30) A(0-5)
Na (meq/100g)  0.18 .84 G(50-60) D(20-30)
K (meq/100g)  0.04 r m:_u_'E:- '8.92¢ = B(5-10) E,F,G

Ca (meq/100g) 5.687 G(50-60) D(20-30)
Mg (meq/100g) 0.07

Cl (meq/100g) 0.02

5-10)  E(30-40)
0. \‘»ﬁ,, C(10-20)

SO, (meq/100g)  0.03 m 0.1 |

Organic C (%  0.133 ~0.19 F(40-50) C(10-20)

CEC (meq/100g) ﬂ u EJ\ '}«)m EJ 7] 3“ EJ ’]ﬂc‘)}m D(20-30)

py awwmn%iﬁgwnwﬁagm

Texture : Sand s Silt.2 Clay =7 79:6 ¢ 18.1. ¢ 7.8
A/B ratio = after/before ratio

'H (10-20) G(50-60)
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Figure 4.37 Characteristics treated Ban Bung soil series
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total-P, organic C, CEC, Ca and Na. Extractable-P was increased
highly at 30-40 cm, and followed by SO, at 10-20 cm and Mg,
TKN, pH at 5-10 cm. NH_-N and NOS—N could be detected in the

first section of soil column (6-5 cm) which could not be found in

W@d I1ts Effluent

011 Its Effluent

the untreated soil.

4,5 Relationship between $

Chong soil nf'luent, i.e., ortho-P,

NH4—N, 804, Clq retained by the soil.
For the first through, it was found
that K content i as slightly higher than
its content in mount of the original K
.content in the so '; eleased or K leaching process
occured. At the samgjﬁ@ﬁe;; s also accumulated in the Pak
Chong so11.-.@ntenbs of Ca and Na 'ak Chong effluent had

been initialdy’ higher

(Figure 4.26 Qj 4.30-4
which had been ¢ tpeated with domestic wastewater for a longer

erio 1AL DS UNR s e 1

from waséUwater. —N gf the ef?luent was lly increased

R SR VE Y O %’Hﬂﬂ s S

its Gontent in the influent.Interstingly, NOa-N could be detected

luent until week—-11

1s indi@,ed that Pak Chong soil

at the same time. N-form in the treated soil, i.e., TKN

NH4—N, and NOa—N were higher than those in the untreated soil.
Most orthophosphate from the influent could be retained by Pak
Chong soil. ‘ It was also found that increment of total-P was
higher than the increment of extractable-P in the treated soil.
It is indicated that, mechanisms of P-form removal from the

wastewater may not be only sorption at soil surface but also
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precipitation reaction. Soil pH, CEC and organic carbon content
of the treated-Pak Chong soil was slightly increased and E. coli

from the wastewater was also retained by Pak Chong soil.

4,5.,2 Khamphaeng Saen Soil Series and Its Effluent

Compared w1t ong soil, it was found that 13.6

liters of wastewater bhe total amount of Pak Chong

influent were ad aen soil column for 20-week

Kﬁrmp

period. The re ities of K, Na and Mg in

the effluent he influent. Contrary,
total Ca conte T'fluent was c d from higher to lower
than its 1 week-6. However, the
contents of Na ' E __.1g ; i)' in the treated soil were
higher than thei ﬂk' in the untreated soil. It means that
certain amounts 2 ' Ca in the Khamphaeng Saen
soil may be relea ed{é& .»; ifngs' In addition, very small amounts

of orthophosphate, NHﬁ:"' : ould -be found for all the period of
- e e

in the treated soil

especially,at :—6@ cm of Khambhaeng Saer soil column. The similar

e A Ay R
versus Sﬁu &IIWL ks of the experi-ment.,

Cc1 content in the Khamphdeng Saen egffluent was ngked higher, and
S A S b U B 0 o 1
fLent. And it was also found that Cl content in the treated
soil was slightly increased in all sections of the treated
Khamphaeng Saen soil column. It was indicated that Cl1 accumulation
or retention was occured in the Khamphaeng Saen soil. Soil pH,
organic carbon and CEC of the treated soil were slightly increased.
In case of Khamphaeng Saen soil treatment, E. coli could be

detected in the treated Khamphaeng Saen soil.
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4.5.3 Muak Lek Soil Series and Its Effluent

After passing of 110 liters of the wastewater through
Muak Lek soil column, some ions, i.e., Mg, C1 and SO, from the
wastewater or influent were retained by the Musk Lek soil.
Contents of K and total Ca in the effluent were higher than their
contents in the influent. 71 jlarly, contents of Na,-K and also

f/ re higher than those in the

untreated soil. 1t1 al-P content was sharply

increased in al? f‘“’th@lﬂwk Lek soil column. In

Ca in the treated

case of extracta decreased in all sections

A-E (0-40 om of€0i ‘but in sections F and G, their

'\‘\\ L

dﬁﬁgs higher than untreated
N

contents
soil. Ortho-P to be adsorbed by Muak
Lek soil at 7 its content gradually
increased until t Finally, it was found that
ortho-P content in rly equal to its content in
the influent. NH j,;iﬁ;} n stely retained by the soil, it

meaned thatk ;" was sharply decreased

and during waek-1
increased butzyes; : 3 i]bhe influent. After 7

weeks, NH_-N go tent in the fluent was ¢gradually decreased

i 48] HAILEE) s s o

graduallqu1ncreased. It was found thab TKN in Muak Lek soil

A TENT] PLvEyimebinne o

and G. In addition, viable count of E. coli, CEC value and organic

carbon content in the treated Muak Lek soil were also increased.

4,5.4 Ban Bung Soil Series and Its Effluent

The highest volume of added wastewater of four-tested

soil series for 20 weeks was found in Ban Bung soil column, i.e.,



167.6 liters. After treatment, the quantities of sO_,, Cl, Na and
Mg in the effluent were lower than those in the influent for all
period of the experiment. At the first week, K was adsorbed by Ban
Bung soil and then it was initially decreased and then increased.
It was found that K content in the treated soii was increased in

all sections of Ban Bung soil column. Different from K pattern,

total Ca in the effl

influent in the fii
changed to be Js}
showed that Ca eﬁ'——'

(@—-40 cm. or s

igher than 1its content in the

after that Ca content was

m the treated soil column

content in the second

end (40-60 c er, i.e., accumulation

of Ca in Ban B actable—-P in the treated

soil was found "~ Jineneased 1 11 sections (A to G),
especially, in the ' " n Bu g soii column (50-60 cm).

In 8 weeks e influent or wastewater

¥V e - _
was clearly adsorbed ‘? : After continuous adding of
wastewater, ¥ the effluent was slightly
increased, ,:‘:r-ﬁ-'-‘—-'-‘ higher than ortho—-P

content in the

‘P’HQH,'-N in the Ban Bung

to be similar to its pattern in Muak Lek effluent,

graduall egree could be detected.
The rﬁiult showed _that¥after tred&nent, the pi+ value of both

/-La \lﬂ ﬁm ulweflllmr&l flaaﬂde_l influent and

the untreated soil. CEC value and organic carbon content in the

effluent seeme

~ treated Ban Bung soil was also increased, the evidence was similar

to the first three-treated soil series.

95

@eated soil, the result
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