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Characteristics of Formation of Chlorination Disinfection By-Products
in Extracellular Organic Matter of Various Algal Species

Hee—Jong Son*, Hong—Ki Park, Young—Do Hwang, Jong—Moon Jung, Sang—Goo Kim
Water Quality Institute, Water authority, Busan 621-813, Korea

Abstract

Formation of disinfection by-products (DBPs) including trihalomethans (THMs) and haloacetic acids (HAAS) from
chlorination of six different species (Chlorella vulgaris, Scenedesmus sp., Anabaena cylindrical, Microcystis aeruginosa,
Asterionella formosa and Aulacoseira sp.) of algal extracellular organic matter (EOM). The EOM characteristics evaluation of
six algal species reaching at the stationary phase in the growth curve showed most of its SUVA254 showed below 1 and this
means hydrophilic organic matter is much higher than hydrophobic organic matter. Chloroform formation potential (CFFP),
dichloroacetic acid formation potential (DCAAFP) and trichloroacetic acid formation potential (TCAAFP) were mainly
composed of THMFP and HAAFP in the EOM of various algal species. In the case of THMFP/DOC and HAAFP/DOC
vaues, EOM of blue-green agae has appeared highest and EOM of green algae and diatom in order. THMFP/DOC was higher
than HAAFP/DOC in EOM of blue-green algae. In comparison of formation potential by unit DOC composed of HAAFP in
alga species EOM, DCAAFP/DOC was 1.5 times to 7.5 time higher than TCAAFP/DOC in the EOM of blue-green agae,
while DCAAFP/DOC was found to be relatively high compared to TCAAFP/DOC in the EOM of green algae and diatom.

Key wards: Algae, Disinfection, Disinfection By-Products (DBPs), Extracellular Organic Matter (EOM), Chlorination.
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T ARRA R S EEE FE A Q7] el 3
-Z-ofufe} 2 71 Al e AlEloA= A Al
A=A GFem(Boyer 5, 2008), Hax} REgSR] TRk
o F5F2] DBPsE Adeitiar o= Qlri(Huaet
Reckhow, 2007).

AOME ZA|(dgd cdl)S Tg6k=E25(intrace lular
organic matter, IOM)3} 57} AASPHA =502
HIES= tlokst A HES(metabolic substances) 2
T35 extracellular organic matter (EOM) o2 Ll
tH(Huang 5, 2009). IOM-2 5] A|Zsin} Az
uio] tist 4714 Al 343 E-E(algal biomolecules)
= eohE(carbohydrate), A1&(lipid) 5! T protein)
B FAEH, 257 S50l wEt qdulEe] B AjolE
Uehf= Aoz By ¢JriBecker, 2007; Brown
5, 1997). E3], 272 AlzHL- N-acetylglucosamine,
N-acetylmuramic acid & tjofst 57124 SEE2
Td%0] 2la(Huang -5, 2009), &7 A2+ E2&
2 fatty acid, polysaccharide®} -2 El=31% 9 tlof
 ehalase yElo] glrka el glei(Crane 5,
1980; Fang <, 2010; Myklestad, 1995). Z&%0] w}
S AuboR Wl el ool 12w
(iatom) HTh & v, 2|8o] PR FRRTL HE
F(blue-green algae) 2} =3F(green algee) Hr}t =t}
1 koA gJriHong 5, 2008). 3k, 257 ARSHA
N sFoR WEs: EOMO| 3¢ A% 4]
(exponentia growth phase) 2] 2552 glycalic acid
ofamino acide} £ AEAt EHES T o= WSt
], 1=917]0]| Hoj= ZF-S0llkl= polysaccharide®t 2+
< A 2EE0] EoR WEHHAL dEA QU

Table 1. Cultivation conditions of various algae species
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(Huang -5, 2009). mbA =7 & 9 /d%7](growth
phase)of| we} theltt FEje] AOME0] 5ol Z==st
7] wjiZoll A A theket F52] DBPs7 A3 gtk
(Huang -5, 2009).

2 Aokl 5257 2T U HERE WES
ZRES 27} 2384 Aesto] uiefsiiA ol 59 g
“gA|7|(stationary growth phase)ol] =25}t o, ©]
= 50| 7FOR Sk EOMof|X9] gas ARl
&= AJASS trihdomethanes AJAd5(THMs formation
potential, THMFP) 2 hal oacetic acids A4l s(HAAFP)
PR Hrlsto] 272 ol (water bloom)Ajef] 4=%
2] A o) 7] zAm e Bg st stk

-

1
.

2. HEflz

p Lo
o

EH
=]

21, 2R WY & Hx2|

B oo AR 6% R 27 Chiorela
wulgaris?} Scenedesmus sp., 'B5-F Anabaena cylindrical
2} Microcystis aeruginosa 12|37 25 Asterionella
formosa?} Aulacoseira sp.o]@itt. Z1ZHe] 2552 ™
A 100 mL 4HzF Zepaaoa] HalieH(pre-culture) gt
3 10L 8F°] ¥F e A 3P| ol8sl
oRt = XA7IHA 212} the uifstsl e, vl
oFzA-L Table 10| YERHSITHNIES of Japan, 1994).

2.2, EOM 22| U 55 &3
652 =RF=CIM freliEle EOMO Eeh= A
EFot EOMo] =3l ujefzollM st Aless €
AlE2]7](Avanti J-25, Beckman, USA)E ARE51 &
231 3.0.45 um oA & o] TA]F] ojofS EOM 02 A}

. ) Temp.  lllumination  Cultivation period  Light/dark cycle
Algal species Media ) (1%) (month) (tn)

Chlorellavulgaris EOM c(S 20 500 2 12/12
Green

Scenedesmus sp. EOM CT 20 1000 2 12/12

Asterionella formosa EOM fI2 10 2000 1 12/12
Diatoms

Aulacoseira sp. EOM Cs 15 1000 1 12/12

Anabaena cylindrical EOM CB 25 1500 1 12/12
Blue-green

Microcystis aeruginosa EOM CB 25 1500 1 12/12
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23199tk EOM = 82 9 7|eka(dissolved organic
carbon, DOC) =2} UV-254 5335 TOC &47]
(Sievers 5310C, Sievers, USA)2} UV-VIS spectrometer
(UV-2401PC, Shimadzu, Japan) S AR831e] 24519
11, 4% DOC =x¢} UV-254 T54=E o]835}o]
SUV Azs4 (specific UV 254 nm absorbance) 3 -5}
At

2.3, g4 AZRME Mds e ¥ 24

25 Eaole] ¢4 M2l 10,000 mg/L o] Hopgis
AFUEE(Junse chemica, Japan)S ZA5H 27] &
4357110 myL7} HES 257 Egale] Aolelaat

Efe TYsIen, Aottt yEF F9 F

A5 A7 ke ARALS WA F I &
FES RS e SERE BRE THMs)
HAASE 24519tk THMs= headspace autosampler
7} 5215 GC/UECD (6890N, Agilent, USA)E A3}
o] FAleI%lom, HAAsO] ZAje] 3l #42 US EPA
Method 552.3 (2003)o]] <A 5to] GC/UECD (6890N,
Agilent, USA)E AL8-310] EA4151%c)

2

=

3. 2t A 1¥
3.1. EOM 4

‘d=/de] A7 |(sationary phase)oll =23t 652
2575 EOM 9] 5745 Table 20 LFEhfigIc). 52
EOM === JEhl= DOCE: %321 Aulacoseira
sp.2] EOMofA] 0.96 mg/L o] 55 Lfehd ¥, ==
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F9l Scenedesmus sp. 2] EOM 9] 749-=2.86 mg/L &]
=S Uehlo] 2FFER ki 2ol5 Eairk E3L
59 8 VIEEEY Fak(hydrophilicity/
hydrophobicity) 2] X3 2 AMEEl= SUVAS] 9=
=220] Scenedesmus sp.2] EOM 2] 1.18 m™-L/mg<
A|@J5H TR 55:0] 2FE50] EOMe]A2] SUVA
+ 0.48-0.58 m™L/mge] H9IE Wi W kS 1}
ERUIQIch Uukd o & SUVAs Fho] 2 of5tY A$=
Zlad B89 o] 2 o= Brisial Sk Fang
£(2010) 8 ZAoA] 202 225 EOM2] SUVA
Zro] 1.38 L/mg-m A= ofQ- ko Ao g Wkl
9Lom, Her 5] A7 23H2004)004 = 27E 45}
= 7IRUAOM)IES 520 HAH7IEH(NOM)
o I3 =2 A4y B T, W WS ek T
B 2 SUVA gh= Hefls 2102 Halshal 9l
Nguyen 5] ¢172H(2008) 41 A1) A8 1
29| Scenedesmus quadricauda, HZ521 Oscillatoria
prolifera @ #3721 Chaetoceros mulleri ZofjA]
Scenedesmus quadricauda®] EOM ¢] SUVA 7o 1.5
+0.5 L/mgmo & 7} =8 Ao g x)&35}ar glom,
L] 239] 9= 717+ 0.8£0.1 L/mg-m ¥ 1.0£t0.4
L/mgm Ax=& B35} QJck

6Z0] ZEEES] EOMoJAe] THMFPS} HAAFP
RWFsEe 2ARE 242 Fig. 10 Uehiick THMFP
9] 74-$+=95% o}Fo] chloroform A3/ s(CFFP) o310
], LhH =] bromodichloromethane 234850 =2 LjeR
3 ohE 28 AVYEIA) ool ek HAAFPY] 49
dichloroacetic acid AJ4d5(DCAAFP)z} trichloroacetic
acid AY/ds(TCAAFP)o] thiE-g 2pAJsl o, L

Table 2. Characterization of EOMs from each algal speciesin the stationary growth phase

. DOC UVoss SUV A4
Algal species (mg/L) (e (L/mgm) Growth phase

Green Chlorella vulgaris EOM 151 0.0081 0.54 stationary growth phase
Algee Scenedesmus sp. EOM 2.86 0.0337 1.18 stationary growth phase

Asterionella formosa EOM 1.19 0.0064 054 stationary growth phase
Diatoms

Aulacoseira sp. EOM 0.96 0.0056 0.58 stationary growth phase
Blue-green Anabaena cylindrical EOM 1.68 0.0087 0.52 stationary growth phase
Algee Microcystis aeruginosa EOM 134 0.0064 0.48 stationary growth phase
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Z]-= monochloroacetic acid AJAd-5(MCAAFP)o] L&
A=) ofge] gho 2 Lhekhoick

60| Z=2d EOMojA2] the] DOCY THMFP
(THMFPIDOC)E AtmkH %72l Chlordla?}
Scenedesmusi= 217} 26 ng/mg % 16 ug/mgo]glem,
TEF01 Atteriondla2} Aulacoseira®) 3= 16 n
g/mg 2 17 pg/mgo|3ick ¥hA H257<1 Anabaena®}
Microcystis®] 7-$+= 217 25 ug/mg % 34 ng/mg®|
THMFP/DOC7} Al Al o2 Uepich weps] "=
57} 714 S THMFRIDOCE UERjiglom), o
RO HER 202 Ui}, 52:7.) Soenedestus
quadricauda, 71521 Chaetoceros mulleri @ Y&
2] Oscillatoria prolifera®] EOMoj|42] THMFP/DOC
E44S 2R Nguyen 59| A723K2005)of4 5
%29] Scenedesmuse] EOMojlA2] THMFP/IDOC7}
0.40 ymol/mgo. & 71 =8 Ao H1slal glom,
the-o g JF229] Osillatoria (0.25 ymol/mg)e} +F
%3 Chaetoceros (0.24 ymol/mg) <= & X skl Q)
o] & A7 A= Th Xjol7} GO} ofi= Aol A}
BE 2750 Zolola| i AR wetEs, 2 A
Trofl AR R 280 HEFO] A= He el
2 98 2REES Aol skl Son, 2013).

3L Fig. 1o e 659 2758 EOMoA <]
9] DOCH HAAFP (HAAFP/DOC)E AR &=
ZF2] Chlorella®} Scenedesmus®] 7-9- 7121 14 ng/mg
4l 37 pg/mgl 2 YERI, 12521 Aderionela?}t

40 53

DBPFP/DOC (pg/mg)
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Aulacoseira®] 9= 77+ 24 pg/mg ¥ 12 ug/mgo |
o, d2F2] Anabaena?} Microcystis®] 73-$-+= Z1Z¢
21 pg/mg 9 28 ng/mge] HAAFP/DOC7} $=%2] EOM
o A= Ao 2 LEPdt] 2591 Scenedesmus
oflFe] U3 == BIS(37 ngmg)y= AlLlsH,
THMFP/DOCS]| 790} FAHA| ‘272 EOMof|A]
Hlu2 BAdso] w8kom, thao s m2Fe} 2R
o8 LET Fig. 19] vz 9o seAkz Ut
H THMFP/IDOC ¢} HAAFP/DOCY] Hx= st
DBPFP/DOCS] A= HZEH2] EOMojA B AY
/3'5(46~62 ng/mg)o] EroH, thFo® =x7(40~
53 ng/mg) £} 7+257(29~40 ng/mg) == LERsit
Z72d EOMoj|A2] THMFP/DOC2F HAAFP/DOC
£ v|nE)] B 25 2204= 2% HAAFP/DOC
Hrk= THMFPIDOCY} &7 LRl 9lon, sxs
9} H+xF29] A= Chlorordla2}t Aulacoseiraci| 4wt
HAAFP/DOC Eth=THMFP/DOC7} =7 Lyefsich
652 275=2] EOMofA 9] HAAFPS] 41/3%<1
9] DOCT DCAA A5t TCAA /352 s
wobA(ratio) S Fig. 20f) LR Qi) s 2%0)
749= DCAAFP/DOCS} TCAAFP/DOCS] H|7} 1:
0.76~ 1: 0.90 A== UER} x50l EOMoA=
HAAs TLAEE 2= TCAA X} DCAAQ] AJAdo] §2
& Zloz uehdth Jef 259 dmRo] 49
DCAAFP/DOCS} TCAAFP/DOCS H|7}1: 1.46~1:
7.549] W9lE UeR} 250] 799l vl DCAA

=== THMFP/DOC 62
0 HAAFP/DOC

Ll

46

Chlorella

Scenedesmus  Asterionella

Melosira Anabaena Microcystis

Algal species

Fig. 1. Variations of THMFP/DOC and HAAFP/DOC formed by chlorination of various algal EOM (numerical is sum of

THMFP/DOC and HAAFP/DOC).
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Table 3. Comparison of DBP formation of various algal EOMs
Algel species THMFP/DOC DCAAFP/DOC TCAAFP/DOC DCAA : . TCAA Ref
(ng/mg) (ng/mg) (ng/mg) ratio
Chlorellawlgaris 26 7.2 6.5 1:0.90 this study
Green  Scenedesmus sp. 26 20.2 154 1:0.76 this study
Scenedesmus quadricauda 0.53° 0.27° 0.14° 1:052 Nguyen 5
Asterionella formosa 16 15.2 73 1:048 this study
Diatoms Melosira sp. 17 23 85 1:3.70 this study
Cyclotella sp. 7 12° - Plummer<} Edzwald, 2001
Anabaena cylindrical 25 24 181 1:754 this study
Microcystis aeruginosa 34 112 16.4 1:1.46 this study
Blue-green Anabaena flos-aquae 26 26 49 1:1.88 Huang 5, 2009
Microcystis aeruginosa 28 42 24 1:057 Huang 5, 2009
Microcystis sp. 26.8~30.4° 32.4~47.6"° - Son =, 2012

2 imol/mg, ® HAAFP/DOC (1g/mg), © Algal cells were decomposed

A Hk= TCAA A/do] frefsigien, Anabaena®l
785 53 TCAA AJHIE(L : 7.54) S LERASIT
TFEFO] 9= Ateriondla2) Aulacosairaci 4] DCAA
: TCAA AJAJulgo] 712+ 1: 048 9 1:3.700.2 e
A= Akl ATkE Ut
Fig. 17} Fig. 20]14 & = Qio] tlolet RS

EOMolA] axmiike A dedat A dulgol B2 2ol
2 GBSl ol i 2R uet ZAE ek &
712 2] TRt Tl W2 2tz q7] wiEelH, o]
5o Aalln 5502 sl EOMe] 9% %

22 9 A47)(growth phase)l] we} Tjokst Fao)
AOM 5] 4502 W] uhize|ck(Huang 5, 2009.
Son %, 2012).

TROFSE REEE0||A| Q] AERANE AL 5] A
3k o)le) St i A0] 23S Faslo] Table

3] YeRASIc w270 7= AMAA = A4A]
2] SN B2 ZAIE oV Isk= 275017 wieol
Table 304 & 4= Qo] tiefet A-dise] By
11 )tk E3], Anabaena?} Microcystis®] 744 = o+

2} Huang 5(2009) 2] ¢1+of| ARE-5 257-2] Z{(species)

25
mmm DCAAFP/DOC
1:076 C— TCAAFP/DOC
S 20 1:754
c - 1:1.46
= - 1:0.48
\:; 15 =
Q I
8
= 10 1:3.70
0_ .
o 1:0.90
:E 5
T 5
0 J H
Chlorella Scenedesmus Asterionella Melosira Anabaena Microcystis

Algal species

Fig. 2. Variations of DCAAFP/DOC and TCAAFP/DOC formed by chlorination of various algal EOM (ratios given above

columns).
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o] ZJoji= ¢lort DCAAFP/DOCS} TCAAFP/DOCY]
1.5~10.84]) AE2] 2}ol= Ueh)gl o, £3], Anabaena
©] DCAAFP/DOCO|A] 714 2 2}0](10.8Hl) & g4ks

9t E3h Eelst Microcystis aeruginosaZlz|2He
DCAA2} TCAA AJAJHIE(DCAA : TCAA) 2] ¢ =
Lo A= 11 1.469] ¥HH Huang 5{(2009)2] ¢4
oAM= 1: 0.57% JeR} T8 2jo]E Hol11 )t o]
L ohof| A AEslgEoe] 2871 ARShHA zizto)
A7) Wt o 2 WSk EOM 9] 529} &
71=8e] 2ol we Alol7t Qo] vehd v st
ek

4. 22

525, 12T U HEFE UHEsE 27559 A4
ol AA71o] =geldi= o, o[59 EOMS| 54 9
EOMoj|x 2] Y4 AmFAibs WSS AR A3}
et 2 AES IS 4= U3

L ggAo] Ao =3t 659 2RSS
EOM E-3%71oll4] o] 52] SUVAzZ} HiFE 1 o]t
2 U 24 fr1Edol sl Mg =49 ok
o] &53] =Tk

2. Tholgl 25%-50] EOMojlA] THMFP 2 HAAFP
o] L322 717} chloroform AJ4d% 2 DCAA A4S
I TCAA /g 50] oS 283k

3. 7= EOM 9|42 THMFP/DOC 2 HAAFP/
DOCY] 7-f+= Fx7ollA 7 =7 vehskom, tha
0R =pRoL AR So]lw, YRS THMFP
DOC7} HAAFP/DOC Xt} =7 Ltekdtt.

4. 27EH EOMOoX ] HAAFP /35 o
DOC © A% vlaofA] dx7e] 49 DCAAFP/
DOC =t} TCAAFP/IDOC7} 1.58]~7.58] A= =7
LRt W, 52572} f2FollA= TCAAFP/IDOCY]
1]3] DCAAFP/DOC7} H] 4 =8 A 0 & Lyehdr},
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