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Abstract: Two granular activated carbon (GAC) samples with 1.5 a and 5 a age were collected, Bacterial genome DNA was extracted
for the 16S rDNA gene amplification, and then a bacterial 16S rDNA gene clone library was constructed. After the phylogenetic
analysis of 16S rDNA sequences, bacterial diversity and community structure of two activated carbon biofilm sample were studied. The
results showed the bacteria in GAC with 5 a age could be divided into 11 groups, which were as follows a-Proteobacteria(26.5% ), 8-
Proteobacteria ( 16.3% ), &-Proteobacteria ( 16.3% ), Planctomycetes ( 12.2% ), Gemmatimonadetes ( 6. 1% ), Acidobacteria
(4.1% ), Nitrospira (2.0% ), y-Proteobacteria (2.0% ), Bacteroidetes (2.0% ), Actinobacteria (2.0% ), Unclassified Bacteria
(10.2% ). The bacteria in GAC with 1.5 a age could be divided into 10 groups, which were as follows a-Proteobacteria(21.6% ),
Planctomycetes( 10. 8% ), Bacteroidetes ( 10.8% ), B-Proteobacteria (9.0% ), Acidobacteria (9.0% ), Nitrospira (7.2% ), &-
Proteobacteria( 7. 2% ), Unclassified Proteobacteria (5.4% ), Gemmatimonadetes (3.6% ), Unclassified Bacteria (14.4% ). The

results revealed a variety of bacterial divisions on the studied GAC biofilm. Proteobacteria had the highest share in the two total clones,

s s

and «a- and B-Proteobacteria were on a dominant position. A relatively high proportion of §-Proteobacteria was observed in the biofilm of
GAC with 5 a age, and Nitrospira was in a minor proportion. However, a totally converse condition appeared in GAC with 1.5 a age.
Two pathogenic bacteria, Afipia and Chryseobacterium , were detected in analyzed GACs, which implies a potential microbial risk in
water supply.
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Table 1  Fraction of different bacteria in gene clone library

I L5/ %
Y0 4 2R = -
5ambE 1.5 a skt
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SN B-Proteobacteria 16.3 9.0
AR .
y-Proteobacteria 2.0
8-Proteobacteria 16.3 7.2
i A0 e B 1T Nitrospira 2.0 7.2
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Unclassified Bacteria ( 10.2% ). W7 X F H, «a-
Proteobacteria 52 1% i A= W) Bf % b B0 e R — 1
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T IIIE KT B K R G855 A DG PR 5

ME 1 2 AT LUF 5 a sk b 4 R 22 850 v 4R
SR FMERGRKARE, RARE1-22 5
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Uncultured Green Bay ferromanganous micronodule bacterium MNDS in freshwater and sediments (AF292999)
Uncultured bacterium clone BacC-s_087 in the soil (EU335208)
alpha proteobacterium endosymbiont 1b of clone SpecB-a2-3-1I-15 in marine worms (AJ890095)

1-68

Uncultured bacterium clone 2C229167 of aquatic bacterial communities (EU800921)
Uncultured bacterium clone MFBC6CO08 from Tucurui hydropower plant reservoir (EU592575)
1-51
Uncultured bacterium clone 3C002913 of aquatic bacterial communities (EU801583)

5

10
83

1001 yneultured bacterium clone Elev_16S_1509 in the soil (EF020098)

Uncultured bacterium in the wastewater treatment (AB286642)

Uncultured alpha proteobacterium clone A12_WMSP2 in alpine tundra wet meadow soil (DQ450755)
2

1-4
18(?8 Uncultured proteobacterium clone Elev_16S_1282 in the soil (EF019912)
6

>

99 Uncultured bacterium clone I-6 in Groundwater (AY625140)

Uncultured sludge bacterium HO9 in activated sludge from an industrial sewage treatment plant (AF234706)

1-63

99%) Uncultured bacterium clone CV81 (EF530680)
1-18

1000 Unoultured alpha proteobacterium (FM253597)
Uncultured bacterium in the soil (AJ863274)
Uncultured bacterium clone BacC-s_034 in the soil (EU335148)
1-81
Uncultured bacterium (EF126271)

1-
i 4100LEUncultured bacterium clone EV818SWSAP21 in the subsurface water of the Kalahari Shield (DQ337066)
%7— Uncultured bacterium clone d021 (AF422632)

74— 1-71
4100'? Uncultured bacterium clone 2C228565 of aquatic bacterial communities (EU800457)
Uncultured bacterium clone 3C003541 of aquatic bacterial communities (EU802129)
99 Uncultured bacterium clone FFCH15668 in the soil (EU133842)
1001 Uncultured bacterium clone FFCH6045 in the soil (EU133799)

96 1-29

99 1-1
ﬂ[[ Uncultured beta proteobacterium clone MVP-48 of sediment and plankton from a suboxic freshwater pond (DQ676312)
100! Uncultured bacterium clone D46 (AY274162)

60~ Uncultured beta proteobacterium clone D10_37 of aquifer microbial community (EU266802)

Uncultured beta proteobacterium clone ST11-40 in four lakes (DQ501338)
1-60
1-73
Uncultured bacterium clone 1 from high-strength swine waste slurry (EU885238)
Uncultured bacterium clone 101-112 (EF157188)

74 1-76
ﬂf& Uncultured beta proteobacterium clone GASP-0KB-589-E02 in the soil (EU043661)
Uncultured bacterium clone 2C229148 of aquatic bacterial communities (EU800906)

100, 1-22
Elbe River snow isolate Iso18 in the Elbe River (AF150698)
100l Enrichment culture bacterium clone 0.1LB-F in a municipal wastewater treatment bioreactor (AF538753)
g+ Chitinimonas taiwanensis strain from a freshwater pond for shrimp culture (AY323827)
82— Uncultured delta proteobacterium clone g66 (EU979075)
Uncultured delta proteobacterium clone OS-C118 (EF612424)
1-43
8—1-59
Uncultured bacterium clone FFCH11727 in the soil (EU134441)
Uncultured delta proteobacterium clone AKYG701 (AY921696)
99 Environmental 16s rDNA sequence from Evry wastewater treatment plant anoxic basin (CU466780)
Uncultured bacterium in wastewater treatment (AM158388)
1-45
Uncultured bacterium clone FFCH11010 in the soil (EU134431)
1-62
4 Uncultured bacterium clone FFCH781 in the soil (EU134513)
Aquifex pyrophilus (AQF16SRRN)

100

0.05

1 5 a 7% # H Proteobacteria [ JHE R&E X B H

Fig. 1 Phylogenetic tree from analysis of Proteobacteria bacteria on GAC with 5 a age
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54

FRAE ORI K G 2 Ak B P 27 3t v B A 9 B 20 A BIE 5 1501

Uncultured bacterium clone FFCH5476 in the soil (EU135159)
Uncultured soil bacterium clone ABS-368 in sandy surface soils (AY289462)
100 1-19
Uncultured bacterium clone KIST-JJY 158 in Wastewater Treatment Plants (FJ232683)
Uncultured bacterium clone H7-B1 (FJ207129)
1-52
Uncultured planctomycete clone GASP-77KA-698-B04 in soils (EU044426)

1-56
—E Uncultured bacterium clone KIST-JJY 125 in Wastewater Treatment Plants (FJ232650)

Uncultured Planctomycetaceae bacterium at Shibayama lagoon (AB252877)
99 88 173 s

100 Uncultured bacterium clone FFCH3203 in the soil (EU135290)
Uncultured bacterium DRIIPCB16SCT9 in a Aquifer 896 meters Below the Surface(AY604054)

66 Uncultured bacterium clone CM46 in Freshwater (EF580936)

Uncultured bacterium clone MD2896-B253 in subseafloor sediments (EU385816)
Uncultured bacterium clone FFCH1421 in the soil (EU135075)
Uncultured bacterium clone RT_46 in a Permafrost Active Layer Soil (EU644198)

Aqulfex

1o (L, %
Uncultured Fibrobacteres bacterium at Shibayama lagoon (AB252948)
Uncultured bacterium (AM072427)
100 Uncultured Gemmatimonadetes bacterium clone AKYG1914 (AY921783)
1 -30
Uncultured bacterium clone ORSFC2_e04 in Ohio River Sediments (EF393427)
Uncultured bacterium clone A04 in sediments along Songhua River (EF590024)
Uncultured delta proteobacterium clone HAVOmat120 (EF032748)

ncultu.red bacterium (EU117171)
Uncultured bacterium (EU117176)
1-25

1-57
4E Uncultured bacterium clone FFCH11717 in the soil (EU134986)
Uncultured bacterium clone 177up (AY212628)

Uncultured bacterium clone FFCH5526 in the soil (EU134981)

102 1 Uncultured bacterium clone BacB_092 in soil profile (EU335337)
Uncultured bacterium clone FFCH5572 in the soil (EU134982)
100 1-31

Uncultured bacterium DSSD62 in drinking water (AY328760)
Uncultured bacterium clone M1-5 (EU015101)

Uncultured bacterium in the soil (AJ863259)

99 I Uncultured bacterium clone FFCH15668 in the soil (EU133842)
Uncultured bacterium clone FFCH6045 in the soil (EU133799)
1-32
100 100 Uncultured bacterium clone 3BR-3BB in a Freshwater Habitat (EU937880)
Uncultured bacterium clone 3BR-2AA in a Freshwater Habitat (EU937875)
1 67
Uncultured soil bacterium clone C07_bac_con on alpine tundra soil (EU861838)

100 |—|:

0.05 Uncultured bacterium clone Hua-s-78 in aquatic environments (EF632805)

B2 sax#ENEENARZELAER

Fig.2 Phylogenetic tree from analysis of other phyla of bacteria on GAC with 5 a age

a—Proteobacteria?ﬂﬁﬁ*ﬁfﬂJB’ET[]%EE?%E*EX#@% BRSSP M &M H 3 ﬁ, H ) 2 T
S IREE, H LA/N G A BLE R 5 5 ok A (Bacteroidetes ) . BRI 5 X 45 K Az ) AL 3
B-Proteobacteria 1 45 1R 22 I 4 ol e M 40 &7, H L A JO7 i H R 20 TR A BE AT 98 05 & B B-Proteobacteria 2 Jf:
— LB TEHLAL BE AR IS [ mT LA fh 22 0 S s AL SRR B AN K R W I b Y B R 2R, R & AR BT U
J& ( Nitrosomonas )] Fl & & F 25 [ 40 3% & FFR M o BE 7. ARBEIT S5 R R, 45 7K R 501 14 7k
( Rhodocyclus) F1ZL K 4y 14 J& ( Rubrivivax) ]. 1R £ Fh I B-Proteobacteria 24 4fl [_?EIIIE/EE%H;“Z ) B
& nl DLAE PR 5ERE v e B, A0 R K Bt b REHEHAL B AL T RT3 T T4l T, X B D 7E 45
Wagner 25 P58 % Bl B-Proteobacteria 44 J2: J& 7K 4b IK AN K I b 2R 2 Ge v, 5[] = TR 4 7J<5LIE2% £
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Uncultured sludge bacterium H4 in activated sludge from an industrial sewage treatment plant (AF234696)
6-8

6-79
100 E Uncultured bacterium clone I-6 in groundwater from aquifers (AY625140)
62

Uncultured sludge bacterium H9 in activated sludge from an industrial sewage treatment plant (AF234706)
Rhodobacteraceae bacterium BF A20(17) from beneath a high Arctic glacier (DQ628964)
6-12
Uncultured bacterium clone LOXC-e04 in hot and cold desert streams (EU869616)

1 086 |: Uncultured sludge bacterium S7 in activated sludge from an industrial sewage treatment plant (AF234717)

91

Afipia genosp. 12 (AGU87783)
100 — Uncultured bacterium clone FFCH12627 in the soil (EU133382)
Uncultured bacterium clone FFCH6349 in the soil (EU133594)
6-4
Uncultured bacterium clone FFCH17080 in the soil (EU133262)
Estrogen-degrading bacterium KC9 in Activated Sludge (DQ066439)
6-52
76 — Drinking water bacterium Y20 (AY328823)
98 16-11
100 Ml yneultured bacterium clone ORSFAM_d11 in river sediments (EF393271)
Uncultured bacterium clone CCM21a (AY221056)
100 — Uncultured bacterium clone 5C230780 (EU803236)
Uncultured alpha proteobacterium clone GASP-O0KA-498-B03 in the soil (EU043539)
6-16

100

94

Uncultured alpha proteobacterium clone AUVE 05E07 (EF651229)

Uncultured bacterium clone FFCH10904 in the soil (EU133331)

Uncultured bacterium clone FFCH10273 in the soil (EU133312)

6-62

62 1;00 Uncultured alpha proteobacterium clone GASP-0KA-546-B09 in the soil (EU043545)
6 U

9 ncultured bacterium clone 3BH-4FF in a Circumneutral Freshwater Habitat (EU937964)
ﬂl_—EUncultured bacterium clone FCPS531 in the soil (EF516682)
6-56
Uncultured bacterium clone $S11-22 in Pacific arctic surface sediment (EU287205)
4|EUncultured proteobacterium clone GASP-MA3W1_GO06 in the soil (EF663632)
6-72
100 96 Uncultured bacterium clone FFCH2941 in the soil (EU134553)
. 0507 Uncultured bacterium clone 86 in the soil (EU223951)
4Encultured beta proteobacterium clone GASP-MA2S1_G07 in the soil (EF662887)
6-2

100 6-1
100 giii: Uncultured bacterium clone FFCH6045 in the soil (EU133799)
Uncultured bacterium clone CV108 (DQ499328)

37 4'? Uncultured bacterium clone ORS25C_c09 in Anaerobic Treatments of Ohio River Sediments (EF392985)
6-15
10602 Uncultured bacterium clone 3BH-12B in a circumneutral freshwater habitat (EU937951)

6-36
ﬁE Uncultured delta proteobacterium clone MSB-3B11 in mangrove soil (DQ811794)
Uncultured bacterium clone 061F22 in the sediments of the northern Bering Sea (EU925860)

69

Uncultured delta proteobacterium clone AKYG701 (AY921696 )
E 6-27
1(2& Uncultured bacterium clone FFCH11727 in the soil (EU134441)

6-5
100 Uncultured bacterium clone MD2896-B15 in surface sediments from the south slope of the South China Sea (EU048674)
85

Uncultured bacterium clone 068C78 in sediment of the Northern Bering Sea (EU734974)
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Aquifex pyrophilus (AQF16SRRN)
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Fig.3 Phylogenetic tree from analysis of Proteobacteria bacteria on GAC with 1.5 a age
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60— 6-24
1001 yncultured bacterium clone ORSFC2_e04 Under Different Anaerobic Treatments of River Sediments (EF393427)
100 Uncultured Gemmatimonadetes bacterium clone AKYG1914 (AY921783)

Uncultured bacterium (AM072427)
_L— 6-57
IOé)S Uncultured Fibrobacteres bacterium at Shibayama lagoon (AB252948)

Uncultured bacterium clone 3BR-11BB in a Circumneutral Freshwater Habitat (EU937909)
4‘1— 6-64
100

74' Uncultured bacterium clone 3BR-1G in a Circumneutral Freshwater Habitat (EU937837)
6-77
Uncultured bacterium clone FAC79 in Fushan Forest Soils of Taiwan (DQ451518)
Uncultured bacterium clone KMS200711-033 in the cropland (EU881300)
6-47
6-78
6-61
100" Uncultured bacterium clone CM6 in Freshwater (EF580982)
Uncultured bacterium clone FFCH12767 in the soil (EU132204)
Uncultured Acidobacteriales bacterium in the soil (EU192977)
6-65
74— 6-3
100 Uncultured bacterium clone KMS200711-087 in the cropland (EUS81345)
Uncultured bacterium (FM253661)
Uncultured bacterium clone CV12 (EF530677)
Uncultured bacterium clone PW-9 (DQ478938)
6-44
Uncultured Firmicutes bacterium clone GASP-MB3S2_GO0S in the soil (EF665704)
I 6-76

982 Uncultured Firmicutes bacterium clone GASP-0KA-563-C11 in soils (EU043559)

"%

100 ncultured Bacteroidetes bacterium clone GASP-0KA-500-D03 in soils (EU043563)
58 Uncultured bacterium clone WPUB226 in Freshwater (FJ006844)

6-37
4100,5 Environmental 16s rDNA sequence from Evry wastewater treatment plant anoxic basin (CU466725)
Uncultured Bacteroidetes bacterium clone IRD18F05 in two temperate rivers (AY947955)
Bacterium H20 in the Hawaiian Archipelago (AY345551)
6-25
Chryseobacterium sp. CH30 at aquaculture systems (EU598815)
Uncultured bacterium clone 3BR-3BB in a Circumneutral Freshwater Habitat (EU937880)
Uncultured bacterium clone Elev_16S 1262 in the soil (EF019896)

6-34
1 0502 Uncultured Saprospiraceae bacterium clone A312 For Early Earth Harbors (EU283496)
4E ncultured bacterium clone FFCH12445 in the soil (EU133664)
6-22

99 6-28
WEF Uncultured Bacteroidetes bacterium (DQ640733)
99" Uncultured Saprospiraceae bacterium clone Epr36 in activated sludge (EU177729)
6-30

Uncultured bacterium isolate BMB12 (EF126219)

Uncultured bacterium clone FFCH1421 in the soil (EU135075)

100~ Uncultured bacterium clone RT 46 in a Permafrost Active Layer Soil (EU644198)
Uncultured bacterium clone FFCH12978 in the soil (EU135136)

6-31

Uncultured bacterium clone FFCH14046 in the soil (EU135110)

Uncultured bacterium clone FFCH3889 in the soil (EU135079)

6-73

Uncultured bacterium clone G1-67 in Sewage Sludge and Anaerobic Granule (EF522841)

Uncultured Planctomycetaceae bacterium at Shibayama lagoon (AB252877)
Uncultured bacterium clone FFCH3863 in the soil (EU135124)
6-43
6-20
Pirellula staleyi strain ATCC 35122 (AF399914)
6-10
Uncultured bacterium clone FFCH3203 in the soil (EU135290)
Uncultured bacterium clone DRIIPCB16SCT9 in a Dolomite Aquifer (AY604054)
6-19
Uncultured bacterium clone gal8 (DQ093890)
6-29
1088 Uncultured bacterium clone KIST-1TY 103 in Wastewater Treatment Plants (FJ232628)

100 100

100
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Fig.4 Phylogenetic tree from analysis of other phyla of bacteria on GAC with 1.5 a age
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