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Distribution of Redox Zone at Different Water Layers in the Presence of

Periphyton and the Responsible Microorganisms

WANG Feng-wu'’, LIU Wei™’, WAN Juan-juan'’, YANG Jia-li’, LIU Xue-mei', XIANG Su-lin'",
WU Yong-hong””*

(1. Department of Environment Engineering, East China Jiaotong University, Nanchang 330013, China; 2. Institute of Soil Science,
Chinese Academy of Sciences, Nanjing 210008, China; 3. College of Forestry Resource and Environment, Nanjing Forestry
University, Nanjing 210037, China)

Abstract ; So far, many types of carriers (such as artificial mat, industrial soft carriers) have been widely used in removing pollutants,
purifying water quality via the periphyton attached on the surface of these carriers. In the presence of periphyton, the distribution of
redox zone at different water layers is directly or indirectly associated with the removal rate of pollutants. Therefore, it is more
practically significant to study the distribution of redox zone at different water layers and the microbial diversity in the presence of
periphyton. In this study, the pilot experiment was performed in a simulated water column bioreactor. Firstly, the eutrophic water
collected from XuanWu Lake was added into the simulated water column bioreactor. The industrial soft carriers were then suspended
into the water column in order to enhance the growth of periphyton. After periphyton gained a steady growth state, the oxidation
reduction zones (redox zones) and the responsible microorganisms at different water layers were monitored. The results showed that five
sequent redox zones (i. e. oxygen reduction, nitrate reduction, iron reduction, methanogenic and sulfate reduction zones,
respectively) appeared in different water layers from top-down in the presence of periphyton and their responsible terminal electron
acceptors were 0,, NO; , Fe’ ", CO, and SO}~ respectively. The indicators of the different zones were DO, NO, , Fe’*, HCO; and
sulfide, and the highest concentrations were 11.290 mg-L™", 4.950 mg-L™", 38.326 mg-L~", 120.000 mg-L~" and 12. 180

mg-L. ™", respectively. The results of microbiological characteristics tested by Biolog EcoPlate™

technology revealed that there were
significant differences in the composition, metabolic activity, carbon utilization of periphyton at different water layers, causing the
difference in the distribution of redox zones at different water layers. These findings implies that study on the distribution of redox zones
and microbiological characteristics in the presence of periphyton provides a better understanding that periphyton is capable of improving
water quality at different layer, and also provides some theoretical basis for the development of technology for purifying water quality

based on periphyton.
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Fig. 1 Schematic design of the experimental equipment
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Fig. 2 Periphyton substrate: industrial soft carriers (ISC)
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Table 1~ Average ( +S.D. ) chemical parameters for water used in experiments

H pH TN/mg-1.7!

NO; -N/mg-1.~!

NH; -N/mg-L~! TP/mg-L"! TDP/mg-L~!

K 7.920 £0. 030 1. 260 £0. 020

0.730 +0. 020

0. 530 £0. 010 0. 120 £0. 002 0. 040 +0. 001

1.1.3  FESCREE

KA FRZK A T 2R e bR pg Al | 4852
ANFKIZ KRR AR I A6 . Sy S K A 2l
SR RYFENE KRR A R CIRORE. 1 ST
TEHETK BFIIBURE 111, 5GP HABIBORE 11 57 2K At i
3 s Ja, REEIKEE 50 mL, SRAELE HUHE G A K I,
SEHEK IR SRR E K2 K AE.

RIEARIASZ R A A PR | T S Al
FLE & Biolog ST RE A0 A RFSFORE B
FRAE IR FHTH BRI A B T e o AR ) A AA
FITE MR T 4ACUFEN AR, LI /A E .

L2 SesTrik
L2.1  FRAREAR ST A

EEMESRSR N DO, f ALY . HCO; | Fe’* Fi
NO, . DO R E YSI £ Ty g /K 5 W il {3 & 4
FE. ALY E SR R | NO, AR E R T
S A SRR HCO, Ml & R I A% 5t
THAETE | Fe " I R FH AR AR I ot i k.
L.2.2  JANE) R AR

AL, SR R WL ( Nikon , HGOOL) .
1.2.3 Biolog 524

¥ Biolog A4 &M 1A ( ECO microplate, 5%
Matrix Technologies Corpration =) ll %2 J&i] A A= 4
A Wy 1 V% T BE 2 4% 1, U ZE {X 2% 4 The Biolog
EcoPlates™ ( Z€[# , Hayward 23 ] ) ' 0
1.3 Hsaba

i S h B A 3 A FAT. SR Excel

2013 F1 Origin pro 8.5 X[ 17481+ L&l ; K
JH SPSS 16. 0 H/#) Duncan 3£ f1“ Date Reduction”
J 3 RS HEA T 26 S b 3 P A3 A A 32 A3 A
FITAT 2 0 80408 10 R JHF- Y = F5 1% (mean = SD)
FoR, WEKFEH P <0.05.

Biolog 7341 Hh P-4 F AL €528 1k 30 e 2 FE 4
Byt 5B,

(1) 35 4 L {4 A2 1L R (average well color
development, AWCD) '"® 8N .

AWCD = [Z(C—R) ]/31

K, € AT 31 A R LG TE ; R % B fL
G
(2) Shannon 8% (H) "**
HEEE EAXH.
H=- > (PInP)
K, P oS o SLAHXTROGIE (C - R) ST A 31 4L
YW GAE SR Y E 2.
(3) Simpson #5 %k (D)
AR AR
D=1->(P)
A, P s i FLAY AR XS IO (5 B AP AR AR X 1
JCAR I L.
(4)MclIntosh 8% (U) > RILTFREIEYFh £
o LBE 85 25 RSB S R 4 —
AR

A LLRAE R P

FF VA ol A= W 1

U= Z(ni>2



4046 E7 A 36 4
Ao n, 5§ FLIAI XTI (. 60 cm fx KikF] 120 mg L', 7E 72 em FEIEE 110
me-L7".
2 RS54 &
R 212 KRR
2.1 ANFEIKJZ K B 2 i - 32 44 K HA TR P= W 1 FRAEE 3 (AN ] e 2 HL 32 A R LR SR = 1

Gyt

S BR G YLK FREE L AEAEAS [R5 4 e s Fn =
B TR ANEMERD—A & B YRR
PRGN, 7T LIt Z RO R A 42 1 A
Pyl AN [ A AR 0 R R 32 R 2 AN TR 1.
AT RAR A AR W 507 i A [R) 7K 2 KR Her
Mz K 2 AR 3R M LT 32 1K (0, NO; | Fe’* |
CO, ., SO ) MR =1y , WL S LA i 4t 43 2 30
% R IR 25 R E 3 iR,
2.1.1 SrAn R

M 3 7] LIFE H DO, NO, | Fe** | Fifk¥ i
HCO; TEAIA7 B Bk BE 7 A B AE. DO FE) 1R Bir
Bek AR N R 76 12 om ALFRIERAY 11. 290 mg-1L 7"
FEZ 2. 520 mg- L' Zi47; NO, Al Fe’* 43342 NO;
FFe’ (IR I =1, Hovfe BE 1 S S T Ja AR Y 22
¥ 7E 24 cm 1 48 cm Ab43 I35 FIEAE 4. 950
mg-L ' F138.326 mg-L~"; B LY 12 em FFHABE
TR B3 T 2 K, e Rak #) 12183 mg-L 7'
HCO; M 12 em F U3 Bifi 7K TR (14 38 KT 22 7 34 K, 3]

AYATRE SRR AR AL A B AN R B B T )
43R 5 AN EARE TR A, BV EGR TR | NO, 3 A
BRIA St | ARG SR R SO% - I T
OEGRJFAE KIRTE 18 em LU EAYIXH], DO ¥ &
9 11.290 ~ 10. 630 mg-L ™", 75 1% X 4 & 0 2k 4 A
0, HHFZU, X5 ik 1T R, @NO, i
BT . KERTE 16 ~36 em PN, NO, MR 2RI T, B
{35 4. 920 mg- L1, HHCA DX 1] f e 5 1 29% . 7E
X R A ESI R NO; 1B Ry e & 152 1k 0
P TR, NO, 1B R NO, [ EZIR =),
VR 38 IS 7R 2 B R SR 18 I 1 1 B, DRI R
e KIRTE 24 ~ 54 em N, Fe?* fiw i & 3K 5]
38.326 mg-L~" Fe’* VB 2URIY KAE 7m 5 Rk T
B B, B A P Ak — DX (R 32 2R
Fe'* VN HL 7 32 (R X5 Ye Wy AT B . (@7 W o
ey KIRTE 56 ~72 em X [8], HCO; ¥ 5 & ik 3
120 mg-L~". AR X — ¢ s 32 XA 43 2R 7 W oG
M. FEIZIX EEHH CO, 1E MR T2 x5 Yt
Y TR A% (B2 55 S0; WA —E W E S,

= DO+ HCOy 4 Fe* e NO;y - fifk#h
R . NOSEEM e Jor ; J{ 74
: SO IR
40 - 125 - + : :
*>< 750
H : A
AT T 1"
00l 10}
30 - :
0 T - ; - 107
2 E'n 0 : I B 2
g Est g ; g E
4, S o) i 5 z X
& : £ : o]
=20t E : : i : ~ @
;‘ 18
s0F stk
: L 40
10 | 5 : 46
25 : ; .
ol ol 0 | 1 I | | i | 3.5 J4
12 24 36 48 60 72
KiF/em

3 AEKEFe?*, DO, NO; . HCO; UMM NHRENIER

Fig. 3 Distribution of Fe** , DO, NO, , HCO;y

and sulfide and redox zones in different water layers
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Fig. 4 Observation of periphyton at different redox zones by optical microscopy
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