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Comparison of Biosorption of N, P ions by Zygnema sterile and
Lepocinclism textra Biomass under Irradiation Period in

High Rate Algae Biomass Reactor
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Abstract

The recent investigation indicates that the kinetic constants for anionic ions were
merely the result of ion exchange between the algae cell wall surface and the anionic ion.
In this study, Zygnema sterile and Lepocinclism textra, floating flagellate alga as
the dominant algae strains, were cultivated using HRABR(High Rate Algae Biomass
Reactor) and the cultivation conditions were 24 hrs. and 12 hrs. irradiation and it was
studied how this algal biomass acts on the biosorption mechanism of anionic N and P.

Results are as follows :

1. Calculating the specific chl.—a growth rate using Michaelis—-Menten model, the one
of 24hrs. irradiation was about 55 times higher than the one of 12 hrs, irradiation
2. Calculating the specific chl.—a growth rate using Kuo model, the one of 24 hrs.

irradiation was about 2.26 times higher than the one of 12 hrs. irradiation
3. Langmuir model can apply to the biosorption mechanism of anionic N and P in HRABP.
4. Regarding the chlorophyll-a concentration as unit weight of sorbent, the ion
selectivity coefficients for N and P are as follows :
(NH3-N)+(NO3-N) in 24 hrs. irradiation ; 44.984
PO4-P in 24 hrs. irradiation ; 24.237
(NH3-N)+ (NO3-N) in 12 hrs. irradiation ; 1432.851
PO4-P in 12 hrs. irradiation ; 599.076

Key words : High Rate Algae Biomass Reactor, Zygnema sterile, Lepoccinclism textra,
Michaelis—Menten Model, Kuo Model, Langmuir Model, Ion Selectivity Coefficients
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Table 1. Fundamentals of sorption methods

E8A geth £20] SEUME 2 F
Rge o gaVsin 238 Iy F
o] gt oA A Fio] dIFE
nAE 2% e o 845 Y7t
Ay E2AAG 1) FAAAlolojA e whE
438} iR (activation energy)d £8
Ao g F Ao2A TAHAY W&
o] th& Table 173} Zt}.

28 &3 odgo #8H Faol A
gt &, 27 dHoloria BE oA
o]24 FZAEA binding el X3P
o 1 EFFEA(sorbate molecules)]
ANNEAE Aold] wet FHAHA &
Aol o] 2ZFAo] & Rl o]2xF ¢
FaA FAHYLE OE oo EAU}
JAH oz A Jas@oh

2. ECP2} protomotive force

E3], 27 vloleria AX 92 4§
= &4 Zv) ECPlextra cellular polymer)
7} GYAFE chelatingdol ¢ F8% 9
&2 $:8git}. o] ECPY] Carboxyl(-~COOH),
Sulfonate(-SOH), Sulfhydryi(-SH), Hydroxyl(-OF,
Phosphonate[-POXOH),], Thiseter(=S), Secondary
Amine(=NH), Imine(=NH) %(S. Humnt,
biopolymer)®] #7]2&°] binding material
2 #g93n). wude gdudoes z{F A
A ez EHlske &4 Fvl ECP(extra
cellular polymen)e] 4R o2% 43 A Y&
Hl o] ECPol 9i3}e] binding® <JUEE°]
ZF AxEe T8t AER A

PARAMETERS PHYSICAL ADSORPTION CHEMISORPTION
Temp. Range Lower Higher
Heat of adsorption Lower Higher
Order of H Condensation Reaction
Rate Fast Non-activated
Activation Energy Low E. Low E.
Coverage Multilayer possible Monolayer
Reversibility High Often irreversible
et dEtsI Xl R223 48 -12 -
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Fig. 1. Algal and bacterial symbiotic reaction.
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Table 2. Nutrients composition added
for algae cultivation

HIOI2Oi ALl EA, o 0|2 MEQ HIW 15
A5 64 LE AF3 wHgRd Y1 o
Table 2 W& AYARE FUT § 8%
W 2% 3000 Lux, & 25 C, APEHE
50 rpmelA 1 7/4E B¢ widsigict o o
Lot main WFAPeR ¢4, gV T
AzAeczA  whgbasin  WHF  uldl
powderZ AZ® clayE 3 cm 72 2%t
o ol clay® I A E(mmobilization
agent)® AHg3lax  golich.  Elm
Table 3o F3 AF A¥ d4EHFE A
z38ta] 64 LA Y F Avjo} oA wf
¥ =zF £9& Chlorophyll-a %7}
047 mgm=IE% FNste 18It ol
Z5 E3AE pH 7.0, 2 25 T, mdtE
% 15 rpm, $£EE 2% 3000 Luxe &4
oM slEdoz uwjgsgien WYl As
AE Az 2A7E FAEdA 12 ARE BF2
2 Po| ZALEEE 3T uiey] Bole 24 ARE
A FARIY EAslsin) wigde uigd, dA
g A1) sampling¥I1.0™ sanmpling waters
U.S. standard method®] spectrophotometric
method, pH meter method® DO meter
method(Azide  Modificationol] <181 Chlorophyll,
pH, DO 302 §4, SR=Ick

Table 3. Nutrient composition used in

main experiment

Nutrient Chemicals Amount(mg/L) Component Concentration(mg/L)
KNO; 80 300(300mg
starch
K,HPO, 11.25 CODcr/L)
co
KH,PO, 8.4 (NH")ZO s 102.9(30mg NH;-N/L)
macro MgSOs - TH,0 250 NaHPO: 41.4(9mg POLP/L)
nutrient CaCl, - 2H,0 15.47 MgS0, - TH:0 250
Fex(SO4)s 4.06 CaCl, - 2H0 15.47
NaHCO; 167.97 Fex(SO)s 406
Na;EDTA 488 NaHCO; 167.97
TA
MnSO, - H,0 Lol Mi:in 10 4.88
ZnS04 - TH,0 ;)2 7 s04 7H20 141x10 3
, CuSOs - SH;0 : . 02
micro 0.08 CuS0, - 5H,0
. H3BO; 0.08
nutrient 313 H;BOs
(NH,)eMosOs - 4H, 3.13x10 3
o 0.13 (NH.)iMo:04 - 4H,0 13
0.04 . )
CoCl, - 6H;0 CoCl; - 6H:0 0.04
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Table 4. Changes of water quality parameters in continuous irradiance during 24 hours

Effluent
Day pH DO, Chl-a, nglL NH;-N, NO;-N, (NH;-N)+(N03-N), PO4-P,
mg/L mgl | mgL mglL mglL
1 7.33 0.5 21.83 16.06 1.04 17.10 7.64
2 6.96 04 28.13 10.08 0.57 10.65 7.58
3 7.01 04 62.55 5.09 0.11 5.20 6.73
4 7.52 1.8 375.58 3.15 0.11 3.26 5.81
5 7.78 34 660.64 0,61 0.12 0.78 4.86
6 8.04 42 945.70 0.45 0.17 0.62 442
7 8.24 5.0 1370.57 0.29 0.25 0.54 429
8 843 5.8 1408.97 0 0.29 0.29 4.18

Table 5. Changes of water quality parameters in periodic irradiance during 12 hours

Effluent
D DO, NH;-N, NOs-N, -N)+(NO;-N), PO4+-P,
ay pH Chl-a, uglL 3 3 (NH;3-N)+(NO3-N) 4
mg/L mg/L mg/L mg/L mg/L
1 7.38 0.9 19.22 12.66 1.06 13.12 7.92
2 7.05 0.6 22.77 11.33 0.61 11.94 7.46
3 6.97 0.6 28.09 6.25 0.16 6.41 7.08
4 7.13 0.6 31.53 5.16 0.16 532 6.81
5 7.28 0.6 33.20 3.78 0.15 3.93 6.61
6 7.31 0.7 34.88 3.53 0.18 3.71 6.16
7 742 0.8 36.56 3.00 0.18 3.18 5.92
8 7.58 1.2 41.48 191 0.23 2.14 7.98
10000
1000 —
-_. /
E’ —e—ifrad. In 24 hrs.
g 100 —s—irrad. In 12 hrs. -
z
5 W
10
1 — ] ‘

1 2 3 4 5 6 7 8
Time, day

Fig. 2. Trend of algal growth in irradiation period.
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B HIOIQMA BESIIMA ZAIAZISE & Zygnema steriledt Lepocinclism textra
HIOIOHAS] EA, 9o 0|2 MERS Hln 17

—eo—irrad. In 24 hrs.

—&— jrrad. In 12 hrs.
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Time, day

Fig. 3. Trend of Oz generation in irradiation period.
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Fig. 4. Trend of N removal in irradiation period.
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Fig. 5. Trend of P removal in irradiation period.
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Photo 1. Zygnema sterile and Lepocinclism textra

W basinoiA EHALe] FIA Y

EbtEnl F )% basinollAle] Ao u
% 3, 4YC «&7DF FH vEser 12
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A7t 2AL-81% basindlME dAEYozH
B Hx Aoz #alsgieh sjde] A
o wet 2FFEV HuE UEEE
o) 284 vH HE ZF Chlorophyta?)
Zygnema sterile® Lepocinclism textra
7 Ao $HFLE YR HPhoto 1)
% basin EF pHe 9 i $4& &
A &P 24X 7F ZA-wlF basinoll A ]
% 9dAl 1403.97 Chl.-a pg/LL e
i 12417 ZA-91% basindlAd=
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A7t ZA-wl% basing] ZAe] 12A17 FA}
-k basin® AR <o 34u]e] Z=F ul
ol Aol gIH-& u g,
% #l%¥ basin® 2F AFE =F AX
Ao FUYEH AFHE T A3 14
ghkgoz & AL IHF AFE Ug9
Michaelis-Menten?)'®2.2 YJetd 4 gl
t}.

Xt = K-SSm+t

HEt2A Mt X H22R 48

Xt t¥ &9 Chl-a ¥%, pg/L
K : 8] Chl.-a $2%&%, L/mgday
S ¢ ujgzE f9UdHE N & P FL
mg/L
Sm : A3g ¥$Ee N 2L P FE,
mg/L
t : vjFAIZE, day

B wl¢k basino]Ale N/P EHl7} 16
olst2 A ZF AFo] Nl o3 AuHn
glemz 1 AoAe K #e 74z 124
7+ ZA} ¢ 8.38%107° L/mgday$t 24717
ZA} ¢ 4,58%107° L/mgday9 #&& veh
Wt} o= 24417 ZALY] Ao] 12X &
Abe] AR o 55819 ¥] Chl-a $4&
TE #3 JY&E vEpiY

= ¢ basindlA e 2F dSEIAE
t}&-¢] Cheng 4"

1 = 2(Sae-Sao)/(Sae+ Sao)

pc oo 2F AFE

Sae : @A Chl-a 5%, pg/L

Sao : 24A17kF 9 Chl.-a X, pg/L

& E38to e g pgkd oS 4,

k = (1/t)1u
k: BE ) 2% AFE, day”
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t: ¥-2d, day
of st T3k
24 AZ-FAF 8l%Z 1 0.43 pg/leday
12 AIZk-ZAL 8z ¢ 0.19 pg/Lday
2 yehled ols mYe) 275 A3
49 AAoE Yl Fgo 24 Azk-2
A} d¢k basing] B H] Chl.-a A4 %=
7} 12 A|Zr-ZA} w)<¥ basin®] RBE}F &
2.26u) A=g& vl

£57) o|F F ¥b§ basinolA 9 DO
FTEE FEI It QAT 12A%
ZAL vl dbasin® B 2F AFo] Ho
41.48 Chl.-a pg/L& Yebd AJejelA H
9 1.2 mg DO/LE Yehlglod 2442
ZAb W% basin®] A$ Hul 1408.97
Chl.-a pg/LE& viebd AeielM o) 5.8
mg DO/L JehdiEnt 249 #HE Adx
Argol 47, 12413k 2AF ¢ 0.0857142
mg DO/L.day, 24A13F ZAF @ 0.7714285
mg DO/L-dayZ Yebstth, o] 24417 &
ALS] Aol 124 ZALe] ARTH oF 9u)
AE Ax AHEE 2tn Y& 9n,

24A17r ZAF W% basin® AS$ HE
AFAZE 8LelA 27 wpolonja Aol
Ho) 1403.97 Chl.-a pg/L& vebd
A (NHs-N)+(NOs-N), POs-P7} 7%
99.0%, 45%< AAE&E JeERATE 1243
ZAr Wl basin® A§ @ AFAL 8
Yol =7 Aol Hd 41.48 Chl-a n
g/LE Vel efol) A
(NHs-N)+ (NOs-NYE 54 AFA7 8d
oA 92.9%, PO,~P7} #4 AFAZ 79
oA 34.2%9 AAES JERAT ol
(NHs-N)+ (NOs-N)&| A% 24717 ZA}
9 o] 12Xt ZALY ART oF 1.074)
AL & A8E z3n gon POs-PY
g 2473 &AL Rl 1247 ZAM]
ARtk o 1.32¥ AE & 5E&S Zu
AeS oJu it

HRABPY $ol24 dIdF AEF
Z1Z e Langmuir Ed2lo] A™Ee=
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HHOIQDHAS] 24, o 0l MEX2 HiR 19

o] Langmuir 224& z3 thg3 7o)

A& 2d3e &+ o

o 71e A, K : equilibrium constant

B : free binding sites

M : sorbate in solution
AFn e WA 2t
{Bt] = [B] + [BM] ~———- @
o 7)ol A}, Bt : total binding capacity
Aol Aysta OQAF QA& ZFsto ¥
%224 A# P (sorbate uptake), ¢& L&

% gtk
[BM] = q =

ZF "ol o Fol2A FUH
F AEF dolA olend A94 A
(selectivity coefficient)7} th-&3 Zo] &
Algt,

K, - (Cless/ERARdz
ST/ E L

@

clay® RAANEZ AT & A2
A 2% M¥A chlorophyll-aZE F&A]
o9 FFoR ¥ B A @ Hor 24
A7F 2AY] 27 dpolowix FEAA S 12
AZF Z2AF) 2/ Hlo)ovia FERRAlS] N,
P o] MEXA A4E FIH

AN T-ZAL vl basin®] (NHs-N)+(NOs-N)
1 44,984

24N 7k-ZA) Bl%k basin®] PO-P : 24.327
12A)17F-2ZA} vl basin®] (NHz~N)+ (NOs-N)
1 1432.851

1241 7-ZA Wl basin®] PO4,~P : 599.076
o= ehdth o] (NHz-N)+ (NOs-N)¢
A% 24X37F ZAL ¥i9F basin®l Zygnema
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sterile®} Lepocinclism textra vlo]Q 2
FaA 7t 1287 24} HleE basing] AR

t} 0.0314 mL%mg AE A& LS

Aqulsty  PO-P9 A$ 24A17F A} H)
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V.2 g
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ZAS] Zo] 12A12F ZALY ART ¢
558 &},
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12717t &A1) AR o 2264 =0},
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9 Aur}t of 1079 A= & FEE 7w
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12A7F A1) ARr) oF 1.304) Ax 52 &
&8 23 3k

4. Langmuir 2d4E& ALg3lo 253
Zygnema sterile®} Lepocinclism textra
vlol @ uj~ F&Ae] (NH3-N)+ (NO3-N)
o] 29 WYL 24A7 ZALY Ao] 12
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= AgAo] .

5. Langmuir E94& 2Alg&3ly

steriles}

nEW
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et a3 X M22A 45

textra WolQujx F 349l PO-P o] &
o] MEAL 247 FALY Aol 1242
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Aol g}

6. A9 dTAYEL BY o4 F¥
dfd 4 F2 EY FEF ), OF
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