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This study was conducted to compare the behavior of total organic carbon among biological sewage treat-
ment processes and analyze correlations between organic matters in the influent and effluent of sewage treat-
ment plants (STP). Target STPs selected for this study were four plants where representative processes were
applied according to the processing system. The treatment processes used in these plants included 4-stage bio-
logical nutrient removal (4-stage BNR), bio ceramic sequencing batch reactor (BCS), denitrification and phos-
phorus removal (DeNiPho), and membrane bio-reactor (MBR). The TOC removal rates of the four plants
averaged 86.9%, lower than their COD and BOD removal efficiencies, but the TOC concentrations in their
effluent were steady (no higher than 10 mg/L). In the simple correlation analysis, TOC showed the highest cor-
relations with SBOD4(r=0.989) and TCOD,, (r=0.971) in the influent and with SCOD,;,(r=0.996) in the efflu-
ent, which indicates that TOC can replace COD as an organic indicator. According to the principal component
analysis (PCA), three components were extracted from PCA A between organic matters in the influent and
effluent. For the influent, the analysis result showed that the first component had high positive correlations with
TOC, DOC, TCOD,, SCOD,, TBOD;, and SBOD;. Its variance was 59.1% among all principal components
(PCs). The PCA of the effluent suggested that PC 1, PC 2 and PC 3 accounted for 44%, 35% and 21% of the
total variances, respectively. The first component had high positive correlations with POC, TSS, VSS, T-N, and

sT-N.
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Table 1. Selected sewage treatment plants and sampling points

Process Capacity . .
(System) m%/d) Sampling Points
4-stage BNR . .
A Plant (A20)) 14,000 Influent, equalization tank, secondary effluent, tertiary effluent
B Plant BCS (SBR)? 2,000 Influent, equalization tank, secondary effluent, tertiary effluent
C Plant DeNl.Phg) 15,000 Influent, equalization tank, primary effluent secondary effluent,
(Carrier) tertiary effluent
MBR . .
D Plant (Membrane)” 4,100 Influent, equalization tank, secondary effluent, tertiary effluent

D4-stage Biological Nutrient Removal (Anaerobic-Anoxic-Aerobic process)

YBio Ceramic SBR (Sequancing Batch Reactor)
$Denitrification and Phosphorus removal (Carrier)
“Membrane Bioreactor (Membrane)
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Table 2. Concentrations of organic matters in sewage treatment plants

Para- A plant B plant C plant D plant
meters Influent Effluent Influent Effluent Influent Effluent Influent Effluent
TOC 64.7x21.6Y 75+09 56.7+x10.8 8.6=1.8 40.5+3.3 6.7+0.7 529+244 54+16
(mg/L) (425~94.0)? (6.4~8.6) (46.0~714) (6.6~11.1) (37.1~43.8) (6.0~7.3) (29.5~86.6) (3.6~7.4)
DOC 479+14.1 6.0+1.2 40.8+10.8 7.4+1.7 25.2+0.4 4.0+0.2 32.1+194 41+1.3
(mg/L) (31.9~66.2) (4.6~7.4) (32.0~56.0) (5.8~9.8) (24.9~25.6) (4.2~3.8) (14.4~59.1) (3.1~6.0)
POC 16.8+7.8 1.5+0.3 15.9+1.8 1.2+0.2 15.2+3.0 2.6+0.9 20.7£5.1 1.3+0.7
(mg/L) (10.6~27.8) (1.2~1.8) (13.9~18.3) (0.9~14) (12.2~18.2) (1.8~3.5) (15.1~27.5) (0.3~2.1)
TCOD;, 492.9+26.5 24.2+52 490.2+40.1 31.3%*39 351.7%£659 29.0x12 364.4%51.8 22.1x7.7
(mg/L) (455.5~514.3) (13.8~31.0) (446.0~543.1) (27.2~36.5) (285.7~417.6) (27.8~30.2) (307.2~353.4) (12.3~31.0)
SCOD., 178.1+17.6 16.8+7.4 133.5x39.1 254+58 191.4+428 21.1+39 136.6+215 17.4+59
(mg/L) (155.1~197.8) (9.6~14.4) (86.7~182.4) (18.4~32.6) (148.6~234.2) (17.1~25.0) (106.9~157.0) (9.0~21.1)
TCODy,, 175.6+17.6 10.5x29 142.0+374 122x28 95.5+3.4 10.6%3.0 91.7+£7.2 10.3+3.8
(mg/L) (151.3~192.2) (5.5~9.5) (97.6~189.2) (8.7~15.5) (92.2~98.9) (7.7~13.6) (81.5~97.6) (6.6~15.5)
SCODyy, 99.7+27.4 8.7+2.1 70.5+36.9 9.6+1.7 25.8+0.2 7.8+0.6 40.9+6.9 6.3+1.6
(mg/L) (63.6~192.2) (7.2~11.6) (30.7~119.7) (7.6~11.8) (25.6~26.0) (7.2~8.3) (32.6~49.4) (4.1~7.4)
TBOD; 122.1+14.7 10.6+11.2 84.0x6.2 11.3+11.6 89.7x24 5.7+0.4 82.8+8.7 3.8+1.2
(mg/L) (110.3~142.8) (0.2~26.1) (75.3~88.4) (3.0~27.6) (87.3~92.0) (5.3~6.1) (70.8~91.3) (2.2~5.0)
SBOD;  48.9+3.8 2.8+1.9 42.9+3.4 2.7+x1.8 31.3+3.9 23+2.1 48.0+8.0 23+15
(mg/L) (455~54.1) (0.1~4.4) (38.2~46.2) (0.8~5.1) (27.4~35.1) (0.3~4.4) (40.5~59.1) (0.3~3.8)
TSS 242.2+105.1 4.4+15 199.2+351 3.7+0.8 128.5+6.5 75+2.0 132.0£295 9524
(mg/L) (167.0~390.8) (1.3~4.4) (147.0~1879) (2.8~4.8) (122.0~135.0) (5.5~9.6) (105.0~173.0) (6.1~11.7)
VSS 199.2+53.0 2.9+0.7 124.3%+50.3 2.5+0.9 111.0%5.0 52+2.2 1123+285 4.1+1.3
(mg/L) (149.0~2725) (0.8~2.3) (60.9~184.0) (1.3~3.3) (106.0~116.0) (3.0~7.4) (86.0~152.0) (2.4~5.5)
TN 50.0+5.6 18.8+4.3  41.4+10.3 52+3.1 49.3+4.2 18.6+7.5 39.0+£7.3 6.2+2.4
(mg/L) (42.2~55.3) (13.4~23.9) (27.4~51.8) (2.6~9.6) (45.1~53.5) (19.6~34.5) (31.7~49.0) (3.9~9.5)
sT-N 39.4+13.4  10.7+4.7 23.9+1.8 47+29 29.8+4.2 12.2+4.1  30.0+15.9 5.4+2.6
(mg/L) (20.4~49.1) (4.9~16.5) (21.6~26.0) (2.6~8.) (25.6~34.0) (11.1~19.3) (15.9~52.2) (3.3~9.0)
T-P 4.1+1.6 0.2+0.1 4.0+1.1 0.3+0.1 3.8+0.4 0.2+0.1 3.1+0.1 0.5+0.3
(mg/L) (2.8~6.4) (0.1~0.3) (2.7~53) (02~05) (3.4~43) (0.1~0.2) (29~33) (0.1~0.7)
sT-P 2.0+0.7 0.1+0.1 2.3+0.6 0.3+0.0 24+0.4 0.0+0.0 1.7+0.3 0.1+0.1
mgLl) (1.1~29) (0.0~0.2) (1.5~29 (0.2~03) (2.1~2.8) (0.0~0.0) (14~2.1) (0.1~0.2)

DMean=+Standard Deviation, ?Minimum~Maximum concentration
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Fig. 1. Distribution of organic matters for each biological process of sewage treatment plants: (a) 4-stage BNR, (b) BSC

(c) DeNiPho, and (d) MBR.
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Table 3. Ratios of organic matters in the influent and effluent of sewage treatment plants
Para- COD,/TOC COD,,/TOC BOD/TOC COD/BOD; COD,,/BOD;  COD,/CODy,
meters Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent Effluent
A 8.58 3.35 3.11 1.45 2.09 131 4.08 2.42 1.45 1.25 2.82 2.38
B 8.81 3.89 2.47 1.45 1.52 1.12 5.84 7.51 1.67 2.73 3.63 2.77
C 8.61 4.40 2.38 1.65 2.24 0.87 3.94 5.10 1.07 1.83 1.12 2.83
D 8.23 4.87 2.17 2.24 1.92 0.75 4.52 6.76 1.12 2.83 4.00 2.29
Avg. 8.56 4.13 2.53 1.70 1.94 1.01 4.60 5.45 133 2.16 3.54 2.59

Table 4. Ratios of C-COD/TOC and C-BOD in the influent and effluent of sewage treatment plants

C-CODyy,, (mg C/L)

C-BOD; (mg C/L)

C-COD,,/TOC (%) C-BOD,/TOC (%)

48.4 (30.6~72.0)
4.1 (2.5~5.8)

Influent
Effluent

35.6 (26.55~53.5)
3.0 (0.1~10.4)

67.7 (56.9~134.3)
58.2 (35.1~82.5)

50.7 (49.5~99.7)
42.8 (1.2~138.9)
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Table 5. Correlation coefficients between organic matters in the influent of sewage treatment plants

TOC DOC POC TCOD; SCODg TCOD;,SCOD,;, TBOD;SBOD; TSS VSS T-N sT-N T-P sT-P
TOC 1 097 062 084 031 097 093 084 099 078 0.75 -014 045 030 -048
DOC 1 042 093 -0.19 089 0.83 093 099 061 061 -019 044 052 -0.25
POC 1 019 -072 0.76 077 012 050 094 073 -0.08 0.12 -0.56 -0.91
TCOD, 1 -021 069 058 0.88 090 034 029 -046 0.17 0.68 0.07
SCOD, 1 -034 -027 017 -0.22 -048 -0.09 070 058 0.49 042
TCODy, 1 099" 074 093 091 0.87 001 052 009 -0.67
SCODyg, 1 070 088 093 094 015 0.61 002 -0.74
TBOD; 1 091 039 052 001 060 0.73 -0.04
SBODjg 1 069 0.68 -0.15 047 0.44 -0.35
TSS 1 092 013 043 -033 -0.92
VSS 1 0.47 0.76 -0.16 -0.85
TN 1 080 -0.14 -0.33
sT-N 1 0.25 -0.39
T-P 1 0.64
sT-P 1
*$<0.05, **p<0.01, p: significance level
Table 6. Correlation coefficients between organic matters in the effluent of sewage treatment plants
TOC DOC POC TOODg SCODg TCODy;,SCOD,,, TBOD;SBOD; TSS VSS TN sT-N TP SsT-P
TOC 1 092 -026 043 067 0.84 099" 085 045 0.09 019 -0.09 -0.15 -0.41 0.34
DOC 1 -060 031 056 087 0.89 077 048 -032 -023 -045 -0.54 -0.03 0.66
POC 1 -024 -030 -027 -019 -012 004 088 085 098 097 -053 -0.74
TCOD, 1 096" -011 037 -010 -062 020 024 -023 -0.00 -0.65 -0.34
SCOD, 1 019 063 019 -036 0.18 024 -0.23 -0.07 -0.65 -0.16
TCODy4, 1 0.86 096" 024 -015 -0.07 -0.10 -0.31 0.047 0.67
SCODy, 1 089 050 0.14 023 -0.02 -0.10 -0.42 0.32
TBOD; 1 084 012 0.20 017 -0.03 -0.18 0.46
SBOD; 1  -010 -006 0.17 -0.11 0.28 0.62
TSS 1 099" 091 096 -0.86 -0.82
VSS 1 089 094 -0.89 -0.78
TN 1 096 -058 -0.67
sT-N 1 -0.71 -0.85
T-P 1 0.72
sT-P 1

*<0.05, **p<0.01, p: significance level
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Table 7. Initial eigenvalues and cumulative percentage of factors
Component - Inﬂuel?t - - Efﬂuept -
Eigenvalues % of variance Cumulative % Eigenvalues % of variance Cumulative %
1 8.864 59.096 59.096 6.632 44.214 44.214
2 3.977 26.513 85.610 5.246 34.976 79.190
3 2.159 14.390 100.000 3.121 20.810 100.000
Table 8. Rotated factor matrix extracted using varimax rotation by factor analysis
. Influent Effluent
Variable I 5 3 I 3 3
TOC 0.778 0.629 -0.013 -0.002 0.900 0.436
DOC 0.907 0.420 -0.029 -0.399 0.855 0.330
POC -0.003 0.988 -0.151 0.952 -0.154 -0.265
TCOD, 0.951 0.153 -0.269 0.021 -0.009 1.000
SCOD, 0.889 -0.167 0.426 -0.003 0.285 0.959
TCODy, 0.620 0.780 0.086 -0.156 0.983 -0.098
SCODyy, 0.545 0.810 0.218 0.055 0.924 0.378
TBOD; 0.965 0.154 0.212 0.122 0.988 -0.092
SBODy 0.862 0.508 0.001 -0.004 0.791 -0.611
TSS 0.229 0.967 0.111 0.983 0.019 0.181
VSS 0.306 0.818 0.486 0.969 0.101 0.224
TN -0.216 0.073 0.974 0.968 0.028 -0.249
sT-N 0.390 0.254 0.885 0.987 -0.156 -0.025
T-P 0.830 -0.552 0.080 -0.755 -0.145 -0.639
sT-P 0.159 -0.959 -0.235 -0.786 0.528 -0.323
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Fig. 3. Factor loading plots using PCA of normal varimax
rotation: (a) influent and (b) effluent.
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