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Abstract :Reducing excess sludge production induced by Oligochaete is carried out in a pilot scale of conventional activated sludge
( CAS) reactor for 345 days. Worms occurred for nearly whole operating period except for the first 20 days, and continuously main-
tained at high density (over 30 total worms/ mg VSS in aeration tank) for 172 days. Three types of worm were found, Aeolosoma
he mprichicii and Nais elinguz’s alternatively dominated, but Pristina uequiseta occasionally presented. High worm density greatly
contributes to both reducing sludge production and improving the sludge settling characteristics , and Nais elinguis had more potential
for sludge reduction than Aeolosoma . Worm growth had impacts on effluent quality , and Nais elinguis growth affected effluent quali-
ty much more than Aeolosoma . Worm growth does not disturb the nitrification process , but POi' - P release into effluent occurres as
Nais elinguis dominated . Analysis of factors affecting worm growth show that only SRT has no any impact on neither Aeolosoma nor
Nais , however, both te mperature and HRT can affect their growth very much.
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Table 1 ~ Characteristics of the fed waste water and operation conditions in different stages
1 11 i v \%
( 0~116 ) ( 117~154 ) ( 155~200 ) ( 201 ~273 ) ( 274~341 )
t/ C 21.1 *3.3 24.2%0.7 23.0%0.9 20.9%2.2 21.4%2.5
pH 6.6 0.3 6.4%0.2 6.3%0.2 6.9 0.2 6.7%0.3
/mg+L" 2.7%2.6 2.6%2.1 1.9%1.9 4.0%3.0 3.4%2.9
HRT/h 6.38 £2.17 7.16 £0.67 5.94%1.09 6.89 +0.89 7.31 £0.55
SRT/d 46.83 £7.55 18.18 £5.98 30.04 £8.55 70.92 £1.76
F/ MY/ kg*(kg=d) "' 0.32%0.23 0.18 £0.06 0.25%0.11 0.28 +0.16 0.20 £0.08
1.07 +0. 46 0.86 £0.08 0.81 *£0.12 0.99 £0.32 0.77 £0.11
TSS/ gL 6.59 £0.91 5.96 £1.74 5.65%0.70 5.77 £0.79 5.68 £1.02
VSS/g+L™! 5.43 +0.74 4.82%1.32 4.54%0.56 4.72%0.66 4.73 £0.88
VSS/ TSS 0.82 £0.01 0.81 £0.02 0.80 £0.01 0.82 £0.02 0.83 +0.01
COD/ mg* L' 393 £184 260 £97 267 114 369 £189 3341104
COD/ mg* L~ 116 54 93 £21 110 £50 127 £23 89 *6
SS/ mgeL"! 172 £157 147 £78 136 £63 155 £157 126 £65
NH, - N/ mg* L' 41 *12 30 £15 36 19 38 12 36 9
NO; - N/ mg- L' 0.09 +0.09 0.09 %0.14 0.22£0.30 0.10 F0. 21 0.03 +0.04
NO; - N/ mg* L™ 0.35%0.93 1.66 £1.63 0.02 £0.04 0.05 %0.23 0.00
PO} -P/ mg-L"! 3.35%1.30 2.85%1.19 5.71 £3.27 4.67 £2.01 2.80£2.09
1)F/ M (COD/ VSS* d)

2 . ;
). Dr. Lange
COD( LCK 314:15 ~150 mg/L COD;
LCK114:150 ~1000 mg/L COD)  NH/-N
(LCK 303:2~47 mg/L NH,/-N) ,

COD 0.22pm .NO;-N.NOs-N
PO, -P ( DX120 ,Dionex
Corp., USA) ,TSS .VSS .SS ,
( Wild M7, Switzerland) ( 1
mL s 3
). , ( Ny ( Aeolo-
soma he mprichicii) , (1)1,
(2~4). SPSS
11.0 Pearson Spearman’ s rank
1 =17 =2.5 1)
ATSS = TSS,.; - TSS, + TSS,

=10_3°[(Va' Xo+ Voo X)) usi -
(Va' Xa+ Vs' Xr)n+i' Qw' Xr] (2)
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Fig.1  The profiles of worm growth in the CAS reactor
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Table 2 Results of worm density , sludge yield and sludge volume index (S VI) in different stages

/ emg! Aeoloso ma / cmg! Nais / emg!
/kgokg ™! /mLeg™!
I ( 0~116 ) 0.13 £0.16 69 £29 71 £83 64 £73 43 £47 40 £43 4 t6 35
Im(e 117~154 ) 0.20 £0.28 43 L6 120 £38 118 44 95 +41 92 +43 4 +1 4 +1
Mm(¢ 155~200 ) 0.40 £0.33 64 11 5211 46 10 15 t6 13 £6 5+2 5+1
V( 201~273 ) 0.21 £0.17 65 120 42 27 50 £38 6 4 64 5+4 6 x5
V( 274~341 ) 0.02%0.15 4] *5 98 30 98 +35 14 %13 15 15 12+4 12£5
1.2 ——— 160
Lo L (a) FHRFE 1401 y=-53.703In(x)+101.9
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Fig .2 Relationships bet ween sludge yield/ S VI and worm density in aeration tank
( 3 ( /mL)
b
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Table 3  Correlations among worm number in aeration
70 mL/ g( 2),
tank , sludge yield and S VI
«C 3).
Aeolosoma  Nais
Pearson
b b
[5,8,14,15,18] 0.819% 0.784Y - 0.218 - 0.581%
' Aeoloso ma 0.2852 - 0.058 - 0.444%
2.3 Nais - 0.263" - 0.478%
2.3.1 COD SS 0.452%
2. Spearman’ s rank
0.688% 0.809” - 0.313" - 0.761%
5. 1. 3 4 s COD
Aeoloso ma 0.235" - 0.089 - 0.590%
3.1 4.5 2 > Nais - 0.3247 - 0.5427
3 4 SS 0.508%
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Fig .3  Relationships between COD re moval/ SS re moval and worm density in aeration tank
4 ( + )
Table 4 Impacts of worm growth on effluent quality at different stages
1 11 I v \Y%
( 0~116 ) ( 117~154 ) ( 155~200 ) ( 201 ~273 ) ( 274~341 )
D/ emg! 71 £83 120 +38 52%11 42 27 98 £30
SS / mge L~ 3520 35 %16 31 £19 25 19 32%10
SS / % 69 28 69 £20 77 %10 76 24 64 £22
CcoD / mge L~ 44 %18 40 £12 30 £6 5218 49 £12
CoD / % 86 +9 81 £11 88 T4 84 =7 81 *8
COD / mge L~ 43 %16 31 %5 50 +13 31 %3
CcOoD ! % 70 £5 60 *1 59 *10 62 %5
NH, - N / mge L~ 0.39 £1.08 0.07 £0.04 0.05 £0.02 0.08 £0.07 0.09 £0.07
NH, - N / % 99.08 £2.37 99.60 £0. 50 99.88 0. 06 99.78 £0.16 99.48 *1.47
NO; - N / mgeL"! 0.09 £0.09 0.0910.14 0.22£0.30 0.10 0. 21 0.03 0. 04
NO; - N / mgeL"! 35 +13 38 £7 31 =8 31 £11 29 %10
NO;-N / mgeL"! 0.35%0.93 1.66 £1.63 0.02 %£0.04 0.05 £0.23 0.00
NO; - N / mgeL"! 0.06 £0.24 0.00 0.00 0.04%0.14 0.00
? / mgeL"! 40 *14 32%15 3719 38 £12 30 %13
/ mgeL"! 33 £15 38 +7 31 8 31 11 29 10
PO} -P / mge L~ 3.35%1.30 2.85%1.19 5.71 £3.27 4.67 £2.01 2.80 £2.09
PO} -P / mge L~ 2.10 £1.00 2.67%0.75 5.84%3.03 5.85%1.93 3.11 £1.98

1) 12) = NH/-N + NO;-N + NO;-N
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5 COD, SS, NH}-N PO}*-P

Table 5 Changes of COD, SS, NH, - N and POi'-P with different dominant type of worms

(

)

cop CoD  ss ss NH{- N PO; - P/ mg* L~
/%  /mgeL"' ! % / mgeL"! ! %
Aei)losozu;~3§16~l)89 ;2T 86 £8 43+16 71 £24 31219 99.50*1.50 3.66£2.05 3.27 £2.09
Nais( 193 ~242 , 273 ~315 ) 83 +7 5315 71 19 3315 99.77 £0.28 4.09*2.56 5.22%2.71
(3.35 mg/L  2.85 mg/L), 3 PO, -P ( 5.
(5.84 mg/L,5.85 mg/L 3.64 mg/L) , PO, -P (
(5.71 mg/L,4.67 mg/L  2.80 mg/L)( 6) . [15] ,
4) . PO, -P
PO, -P , 2.4
6 ( /mL)
Table 6  Correlations between worm density in aeration tank and effluent quality
Aeoloso ma Nais COD COD SS SS NH,; - N NO; - N PO} -P
Pearson
0.819% 0.784% 0.372" - 0.161 0.395% - 0.269" - 0.061 0. 406% 0.020
Aeoloso ma 0.285% - 0.245% -0.119 0.340? - 0.223 - 0.006 0.437% 0.201
Nais 0.362% -0.167 0.280% - 0.220 0.063 0.203 0.191
CoD - 0.521Y  0.3457 - 0.369? 0.084 0.428% 0.094
CoD - 0.2347 0.525% - 0.026 0.204 0.027
SS - 0.6817 0.189 0.331? 0.032
SS 0.019 0.243" 0.048
NH, - N 0.081 0.107
NO; - N 0.290%
Spearman’ s rank
0.688% 0.809% 0.413% - 0.230"  0.4417 - 0.3167 0.160 0.4512 0.178
Aeoloso ma 0.235" 0.125 - 0.039 0.286" -0.187 0.194 0.328% 0.018
Nais 0.435% - 0.2917  0.4147 - 0.290" 0.102 0.295% 0.347?
CoD - 0.527Y  0.3327 - 0.320? 0.258"  0.364%? 0.195
CoD - 0.223 0.443% - 0.181 0.189 0.177
SS - 0.759% 0.125 0.313% 0.030
SS -0.118 0.285" 0.070
NH,;- N 0.239" 0.142
NO; - N 0.366%
1) 0.05 .2) 0.01
8 ) )
pH - (DO) . ( s
(HRT) . (SRT) . (F/ M) . pH ;
( TSS) ( recycle ratio) . N
R 2
s 5 ( . N
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7 / mL)
Table 7 Correlations of worm density in aeration tank and operation parameters
Aeoloso ma Nais TSS HRT SRT F/ M pH
Pearson
0.819% 0.784”  0.246"  0.3477 0.111 -0.201 - 0.234"  0.480Y - 0.212" 0.038
Aeoloso ma 0.285Y  0.194 0.253" 0.049 -0.121  -0.123 0.551 - 0.455” - 0.145
Nais 0.212"  0.306” 0.137 -0.222Y - 0.226"  0.193 0.052 0.263"
TSS - 0.018 0.3562 - 0.165 0.076  0.087 - 0.340” - 0.256"
HRT 0.134 -0.518”  0.329”  0.266" 0.121 0.098
SRT -0.117 - 0.066 0.013 0.080 - 0.064
F/ M -0.111  -0.188 0.210" -0.172
- 0.200 0.081 - 0.022
-0.421” - 0.178
pH 0.101
Spearman’ s rank
0.688% 0.809”  0.088 0.409? 0.187 -0.185  -0.220" 0.536” - 0.127 0.088
Aeoloso ma 0.235" - 0.004 0.100 0.192 -0.002  -0.199 0.572” - 0.465” - 0.185
Nais 0.064 0.367% 0.051 - 0.248" -0.231"  0.3367 0.062 0.292%
TSS - 0.056 0.426” - 0.077 0.143 0.105 -0.3212 - 0.259"
HRT 0.071 - 0.493Y  0.382Y  0.251" 0.195 0.095
SRT - 0.012 0.068 - 0.197 0.285 0.005
F/ M -0.100 - 0.166 0.076 - 0.256"
0.013 0.074 - 0.181
- 0.4287 - 0.197
pH 0.182
1) 0.05 2) 0.01
3
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7027 J OF ENVIRONMENTAL SCIENCES 59 30 0.119 30
7549 129 28 0.675 7
7029 336 18 0.691 6
7024 474 13 0.557 10
7015 219 24 0.187 28
7013 788 6 0.424 21
7032 106 29 0.190 27
Z010 315 20 0.492 15
Z009 384 15 0 .461 17
7017 137 27 0.150 29
7005 459 14 0.350 22
7004 1793 1 1.167 2
7003 1310 2 0.994
7002 675 7 0.630
7025 345 17 0.487 16
7019 482 12 0.429 20
7021 800 5 0.512 12
7023 293 21 0.525 11
7008 641 9 0.500 13
7011 671 8 0 .441 18
H784 334 19 0.439 19
Z016 593 10 0.576 9
7007 154 26 0.248 25
Gl 29 202 25 0.324 23
7030 238 23 0.225 26
7001 1260 3 0.793 5
7546 284 22 0.500 13
7026 353 16 0.309 24
7022 517 11 0.876 4
7012 858 4 1.596 1
507 0.529
1) (2004 ). ,2004-10( 1576 ).





