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Estimation of Ultimate Methane Yields and Biodegradability
from Urban Stream Sediments Using BMP Test
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Song, Jaechong - Kim, Seogku - Lee, Junki - Koh, Taechoon - Lee, Taeyoon

ABSTRACT : The main objective of this study was to offer informations about the current conditions of stream sediments and to
evaluate biochemical methane potentials of stream sediments from the urban streams in Busan city using conventional BMP tests.
First we select total 5 urban streams and collect sediment samples. Then, COD, proximate analysis, volatile solid, organic carbon
content and elemental analysis were conducted to determine characteristics of the sediments. Results show that COD, volatile solid
and organic carbon content are determined in the range of 15.20~75.07 mg g'l, 2.34~11.54% and 1.28~34.21%, respectively. Also,
several biochemical methane potential tests were performed in a laboratory. As a result, pH values of the reactors generally increased
and then stabilized at 7.11~7.35. In addition, C/N ratio, ultimate methane and carbon dioxide yield (mL/g VS) and biodegradability
(%) were determined to 1.05~10.27, 10.1~179.4, 10.3~34.4 and 4.0~30.1, respectively. For the determination of the correlations
between ultimate methane yield and ultimate carbon dioxide yield, C/N ratio, COD, volatile solid and organic carbon content, a linear
model was fitted to the data using a least-squares algorithm. As a result, except for COD (r*=0.7586) and volatile solid (r*=0.7876),
Linear model was well fitted to each data with good values of the correlation coefficient (r2=0.9795 ~0.9858). Finally, we propose
empirical equations, which contain C/N ratio or TOC, for the prediction of ultimate methane yield for the urban streams in Busan
city.

Keywords : Sediments, Urban stream, Sediment analysis, BMP test

2 X|: & AFE ke HRIe s EHE
AL WA AR T & 53ts s < AFsidet 1Ea BHEEAGS dotrr] g8 =4
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F25, pHs HA 1S FAshHA 7k A&kt 2409 A R7) 918) pH, COD,,;,, 4G, 3HTA, i,
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e} g TAgke] vhaAl SAE ¢ Slge] Bard vl A8k pH, COD,,,, A4S g g a4
£ 1L ARHH oA 2 54
Gk T (km) WA (Km?) At FA FEFH(10°m’) &%)
LRl 3.80 8.17 11.19 55.7
Rkl 0.6 1.8 2.74 55.7
feal 2.50 8.15 12.73 58.9
&34 14.13 56.28 86.67 57.7
A 4.70 17.14 23.22 55.9
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n a b 3c d
G ostT Ty P
n a b 3c d
+ (5 - g7 5~ q)CH + cNH + dHS (1)

714 n=C 3 (%)/12, a=HS| K%)/1, b=02] T
(%)/16, c=N<] 3F(%)/14, d=S2] 3FK(%)/32S 2|m|3ic},
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Alopy FAFE(@ L
Phosphate buffer KH>PO4 0.27
(adjusted to pH 7.0) K,HPO, 0.35
NH.,CI 0.53
Mineral salts CaCl- 210 0075
MgCl- 6H,0 0.100
FeCly4H,0 0.020
MnCl, 0.0005
H;BO; 0.00005
ZnCls 0.00005
Trace matals Cuck 0.00003
NaMoy 0.00001
CoCly* 6H,O 0.0005
NiCl - 6H,0 0.00005
Na;SeOs 0.00005
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2.2.4 BMP test
Ao A= 500mL(E -8 635mL)2] serum bottleo]|
k=5 e - vAE aiA] 300mLe}t AEEE] 30mL
FAeh g AR e 7ital B Ak @4 mA
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EAA = Poﬂ(NchogE 1.2g L' F9l8kgdeh. A=
35C 9 gz A #H7]E9
714 BlE skt 29 AlZF 3 serum bottle L5

=
257} 35C 71 He AI7ES 43| 1 AJAHS A A

)
g

e, ) N
ﬂjg;‘g
_4r_(‘)l_t‘ [0

[o

ﬁnﬂﬁm PN = AN rrim{umlm
o
i
F>
_\,L
[
m{m
%N
[o] EO
el
401
== Ln

HkS % (serum-bottle, 635mL)

l

EdE EUIH 01dE FLHR|
Z9!(300ml)
S N> 9]

A 042 5 E0mL)
(|21 | 10%)

\L&——— Nz X0l

g71= A= F(2g VS/L)

D — L R T GE:
NaHCOs; F=¢(1.2 g/l)
— N 59

U2 T I5C HL2ROK Y

|

AT 7pA A 2 AL

I3 1. BMP HlAE9] A3ay

A ked 5ot =g Allid A2w 35



Manometer
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sampling
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% 3. 7232 EYY(TCD) 9 #A2A

g o bl
GC 5890 series II(HP, USA)
Column 80/100 POCAPAK Q(8ft x 1/8IN S.S.)
Detector TCD(Thermal Conductivity Detector)
Carrier gas He gas, 50mL/min
Injector temp. 100C
Detector temp. 200C
Oven temp. 40C

& 1% 19 ©A5
5 b 1 29 BAE vl go) AP o

(Silicon cap)ell f-2]A] syringe$} PF=H|E]S o]-&3}iTh
e wAE A H QAT AR §AGL A vhen]
B W] olo] gkeiRtE <lste] awAL s HoE
FAPIE ogsto] Hx L7gsh o ei7bA] B3 7k
£ AAATIE S o] &8tk
gk 7k o] wgk 2 o] kstek FE GCE- syringe =
0.1mL 3] ¥ TCD(Thermal conductivity detector)”} “&-=}
% GC(gas chromatograph, HP 5890 series II, USA)E ©]-&
ato] wgka} o bslekie] FE EA ST ARAS 7
25 A i AlEA AHdEkelom, GC-TCD2] +4
Z78 % 33 Pk EE7RSE CHy 45.4%, CO, 44.6%,
Hy 3%, Ny 7%%] ¥57F5E ARS8 243190tk
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g9 AQFHAIZE Aol WH-5-Z et F7Hheadspace)oll A
[e)

e wgke] f= wAs3.

Ve, 35C) = C (Vi + V) — GV )
o] 71A,

V ¢y, = produced methane volume(mL)

Ci = methane content(%) at sampling time

Co = methane content(%) at previous sampling time

Vi = biogas volume measured by syringe(mL)

Vo = gas phase volume of the reactor(mL)

910] AellA At mEE YR v A (3)S o83}
o] 0C, 1710‘4 EFYEHE A F 4 uﬂE}wga

S AR & gtk o= Az TR T
?Jste] 35 COﬂHA 32719 42.2mmHgS uuﬂ.zrgio
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273 760 —42.2

Ve, (STP) = Vi (35°C) 57343 < 760 3)

2.2.6 HFETE(B,) HEEYS = (k)

Anrz o 1] 3 | o3t f7lEe] EalE sfAE
71 o] A1} o]aL mAE-F Lol o5k @Fo] glrkal 7}
A o, v A ()9} o] AfRtell mhE 7] el
= dxpow gHHG

ds

o = kS 4

o714,

S = substrate concentration(g VS/L)
k = kinetic constant(d")

t = time(d")

i g 7)dL HiE vgtges B S gloma
7183} wet AAdake] PAA L vt o] xdE
ATk

(Bu - B)/Bu = S/S0 5)
o}7]A,

B, = ultimate methane yieldmL CH4/g VS)
B = accumulated methane yieldmL CHs/g VS)
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2l @k (5)F 2§ ete] AElghozA] 2 (6)7 2ol Al
7o) g2 FdEE e Al® B, (mL CHy/g VS)
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AzpH o2 vt Fo Eel4 24E
BMP testE AA|ZFo 24 H7|E2] 5%
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g3t o] ErlERIARES] v ® A A ola)
St} =, Buswell’s equations ©]-8-3}] AlLkel o] & vjebat
At 2 AT A e o] 8ot AkEd HF
HEEES 53l AR=E H7) 31t (Symons 2} Buswell,
1933).

AERA=(%) = STE e A () x 100 (7)
o7|A,
A = 38 2AS o]-835F9] Buswell’s equation &% 2H4

B = BMP testd] T |ehdd3t-S o] &5ko] 13k 3k

FH71eA, ONH] #A A}

3.1 Bel 5914 54 w4 A%
P E 2 2ol th3k pH, COD,,,, dE7%, sd84], 9
B8 AAIEIaL

A, fr7leka, 1= ONAlel g
O A3 A7 3 4 eI

L FHEA AR A
zto)7h AA VRt o AlmFe] )
FaAel sfgshs St Al 32~66.2%
HoT) o]t 3)Rgere] Apol= 3k

il

AqojEo s
a8 a1 HAEY f71E 299 AHQ COoD, A
a8al EF f7 A ks 2493 Av Z242F 15.20~75.07

A=i)]

mg g, 234~11.54% 2 1.28~3421%% Lebdch
74 Aslabge dutd o2 pHe~8.3Y w] Lojup,
e A el A9 o]H}h F& pHT~80] A7l A
o7 4elx] UriSpeece, 1996). F 4] E S| BMP
test 2ol A 9] pH SAAI} 7]EE3 0 A7 A A=
Efile 2t vhg-2e] Z7] pHE B 70/H 2 Aol 1
E ukexE HE pHYF 7.11~7.35 M RA o] g5 1)
SOl pHATS RESA7| B2 A3 34 ol A] pHoll 9]

R

P Rl 7Y el Rkl 84
pH 6.32 6.34 7.39 7.95 7.66
N 3.46 2.24 1.41 1.59 1.30
R C 35.54 16.06 2.10 231 1.36
@ANE %) H 5.10 3.62 0.43 0.62 0.63
S 1.09 0.77 0.33 0.23 0.22
o) 19.38 28.46 0 2.81 0.96
TE 91.0 88.2 31.6 55.4 38.5
ZYgEA e 5.8 6.0 22 33 2.8
(%) IAEA 0.02 0.02 0 0.06 0
3 32 5.8 66.2 413 58.7
COD,,, (mg g 73.07 75.07 18.93 38.00 15.20
FEREF (%) 11.54 11.34 133 5.25 2.34
FTH7IEA (%) 34.21 23.13 1.96 2.67 1.28
BMP testol] 4 9] *71pH 7.00 7.00 7.00 7.00 7.00
pHW 3} #ZpH 7.11 7.15 7.29 7.30 735
C/N“H] 10.27 7.17 1.49 1.45 1.05
) AXFFE N1FOR & ON ¥
S AR F ] =iy ALl A2E 37
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A EHo|i pHYZ T HS 22| whiiel A o= Holm, pH
Z7 o] & Frhld Y} e e e BHS A4
F7] W]l B gk

n Lol Aol dagh oy 7] F9YgEE S 7
2 Fash Zlo] ghae) Aok e wAES] oy
Ao, die mAES] JEolHA HAEAE A5
3 Q= QIAle|u g, ONHIE HIAE 9] AT Holrt
o= Br FHEEYt o HRE YERTh

B Aqtoll M B43(10.27), FEH(7.17), WHEH(1.49),
237(1.45), $473(1.05) 5] o2 C/NH|7} =9koH
olefgt A= o] &4 werkit T Agn)d| she A

t} ole By YA g U 33k -
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3.2 BMP test A3}

3.2.1 FATRAT ALFA R

FAHA] 570 (A, FEA, ek, 2313, $4%)
o the 4 wlek w74 o] ksbeka
AAY 2] HHE Ass AP & 1A
90%°]’do] °F 5 bl WAL 6 o] F- T o] A
shA] eokrh

Ao APA = 7 AlsdEE 2HN A3 sl HAdt
AXE 5% o= w9 95t
NS Bk vgke] A9, B%(137.98mL CHa/g
VS), TE%(94.22mL CHy/g VS), $74%(23.63mL CHu/g
VS) THalH(21.74mL CHy/g VS), =33 (9.81mL CHy/g VS)
O & UEltom, oikstekae] 9w o9} fAkeh B
(32.94mL CO»/g VS), TE3(27.21mL COyg VS), Tkl
(12.29mL CO»/g VS), 4% (10.62mL CO./g VS), +HH
(9.83mL CO,/g VS)O.& LERstt)

WS BMP testoll Al f718 &3l A (6)2F 22 12RES
o= Yehd o Qla MAS RS 7 1EY] EelE e
£ orlgity. 29 390 919 14} vEgS 7H % H|gka)
o]akslEkAy(b) WA Rele] Ays|H AE JehlET,
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38 >> BMP(Biochemical Methane Potential) test

TRolA S5 AAE BMP testol] ©J3l S abs o

ERiH, des 2ol o8 Jd5E ghes vehdth
TR 3 5 P EAEE AP R dojxl

AFTFEB,) R TERIFWE 71 A7EdE )
o[Ej¢} A mlaLste] HERHSITE

g AlEke] 749 B4H(179.4mL CHy/g VS), 7513
(112.4mL CHy/g VS), $73(24.3mL CHy/g VS) "F8}3(21.3
mL CHyg VS), 2%1%(10.1mL CHy/g VS)9] oA 2 Yepto.
], o] AkslehAE B (34.4mL COy/g VS), 78328 1mL
COy/g VS), TH8FH(12.5mL COy/g VS), $743(10.9mL COy/g
VS), &3%(10.3mL COy/g VS)2] A= LFERR:

B Aol A B8 AAE 57 S E K Bl M= ve
F5°] 10.1mL~179.4mL CHy/g VS S = oF 181l|7}
2] ztol7 vh= Ag g9l 3 = Q1AL ofhkshekio] g
= 4289] 10.3mL~34.4mL COy/g VSZ 2F 3uj7}A] 2}o]
7h s As ER1E 5 Ui

TS 7129 BMP tests AHE-te] A1 ARpA] &= O
T EAAE wH7]Ee g AoER A5AR1 Hlae
S Ao Z U HlwE sgink

A Wgkgo] 71 =9k B43(179.4mL CHy/g VS)2H
TEZ(1124mL CH,/g VS)2] 7%, A% 7A71(277mL CHy/g
VS) HUR= oFF Uhal F0]5(144.3mL CHy/g VS)HTR= oF

Qucpsoy
2oudleoud

1 1 1 (P)
20 100 120 500

1e(in2)

a3 3.4 (6)& o8] AR 74 (a) v’ Z (b) oltstata R

ha)



SRR SLEF A A A E-O-
s AEesd e Apolgare | oaetaned
=9 Lo =T8T Lo =T8T
(B,, mL CH/g VS) (&, 1/day) (B,, mL COs/g VS) (&, 1/day)
HPH 179.4 0.222 34.4 0.447
SR T3 1124 0.285 28.1 0.489
HAE vkl 213 0.784 125 0.489
(in this study) k! 10.1 0.864 10.3 0.386
el 243 0.410 10.9 0.470
Y - -
A 5, 1993 As 27 0.16
5 505 0.10 - -
ZA74 5, 1993 A A7) 277 0.37 - -
cagA s d e +AE 315 0.10 - -
FEAHEAEd A 23, o=
1997 EAF 127 0.03 - -
HdF 82 0.03 - j
A== 9.0 0.714 - -
J ol 1443 0.079 - -
$H3F %, 2004
A 19.51 0.120 - -
=HEY 461 0.128 - -
7t 58 FRE HAATE sPARE A R EAREH(EAA, v % 6. 31 487 ugHr)E F5E YR vlu
Shx, £ ES mlEgo] 717} 243mL CHyg VS, 21.3mL e PEETRA
CHy/g VS, 10.1mL CHyg VSEHX AA4F(27mL CHyg VS), w3 30.1
AR-F(19.51mL CHyg VS)h HI S84 T vl 22 a3 e 422
_ pIp=i o} 3]
H4.61mL CHyg VS) BTH= Th2 =& 522 Lhehpg)] A ik 40
. (in this study) °3 4.0
ol olglgk A= 919] CONHIIA & 21 5f3i%o] slXlE e e
o ol .
A2 o] f7]%o] SPEskE L 18R] Eahe] 7]9) FyEe 52
3l 702 FetE) b Pﬂ]‘/‘ﬂ—‘—‘:’\kr(k) s 2 2 Zo|5 69.6
A7l AAlE S A S day) gane |_EEE 66
= = =
S 0.222~0.864 %2 eSO o]2]dt Al 7)) B} Y. A 43.9
I A 4.6
AT AN} HUhs tha =9l 217 5(1993)¢] A2 3} (2005) ;;l 243
T .
ol MM A7) 9] vehih 4 = 415(0.37 day )9} FAKSE 2 e 201
3”}%‘4 e 13} 17.9
e N 6.0

3.2.2 A= FrHA

g3to] Aate o] 2ueha ey}
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