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ABSTRACT

Due to global warming and abnormal climate, the incidence and scale of green tracts in rivers and water intake
dam are increasing every year. Therefore, in this study, developed eco friendly positively charged Torrefied Wood
Flour(TWF) coagulant by reusing wood damaged by blight as a natural material. In order to evaluate the effect of

coagulant on water ecosystem, green algae contaminated water was collected and TOC showed high removal rate of
86% ~ 92% under 1% and 5% TWF C-PAM treatment condition. The NH3-N showed 53% removal efficiency. The
average pH of the polluted water was 7.9 in the case of hydrogen ion concentration, and the pH of the treated water
was in the range of 6.5 ~ 7.7, It was found to be suitable for water quality standards. In ecotoxicity tests, all the

results of the experiment showed that both the number of green algae and that of treated water were not affected
by the survival of the daphnia. Therefore, as a result of the analyzing, developed paste type TWF coagulants is considered

to be able to remove algae using natural resources.
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1. INTRODUCTION

As global warming and climate change led to the
spread and increased frequency of green algae in intake
sources, swamps, lakes and rivers, it has raised the issue
of water pollution management. (Yang et al., 2018).
As intake source water, lake water and river water where
green algae sprouts need to undergo a water treatment
process before they are supplied to households in tap
water, it takes a lot of costs and treatment processes.
Currently, in Korea, Loess holds 80 percent of total
spraying coagulants to remove green algae (Yang et
al., 2017). Since loess is easy to use and costs much

less than other spraying coagulants, it has been widely

used to remove green algae temporarily (WERT, 2012).
Also, flocculants are used to deal with water con-
tamination in sewage treatment facilities and the most
widely used flocculant is Alum, PAC (Poly aluminum
chloride). Alum and PAC, aluminum-based flocculants,
may induce central nervous system diseases such as
Alzheimer’s and serious environment damages such as
the death of flora and fauna, when aluminum ions
dissolve in drinking water. To deal with the existing
problem of flocculants, there have been several
techniques under development to eliminate green algae
and pollution materials, such as fine bubble generation
and magnetic powder (Ives et al., 1959). Also, other

techniques include the development of green algae
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elimination methods that incorporate single techniques,
such as flocculation, destratification and direct eli-
mination of green algae (Park et al., 2015).
Existing researches on torrefied wood include
developing high-efficiency fuel (Lee et al., 2016) and
analyzing its antioxidant activity (Nam et al., 2018)
to expand the use of torrefied wood powder. Based
on these previous studies, positively charged torrefied
wood powder and paste-type torrefied wood powder
flocculant were prepared from natural wood (Yang et
al., 2016). The principle behind the generation of
flocculant is to remove negatively-charged green algae,
treated with superheated steam, by making the
negatively-charged torrefied wood powder retain
positive ions through surface modification treatment
using a cationic polymer electrolyte. According to
previous studies, flocculants made from torrefied wood
as the main raw material were found to have more
than 90% removal efficiency in terms of turbidity,
optical density, and chlorophyll-a 3 (Yang et al., 2017).
Although green algae removal efficiency was shown
to be high, further research is needed due to lack of
research on the removal rate and ecotoxicity of organic
matter in water. Thus, this study aims to evaluate the
impact on the elimination of pollution materials and
ecotoxicity when paste type flocculants that have been
developed with torrefied wood powder are used in water.
Evaluation items include pH, total organic carbon,
ammonia, and ecotoxicity. We want to find out whether
such results have any impact on the feasibility of
eliminating water pollution materials, as well as on

marine ecosystems.

2. MATERIALS and METHODS

2.1. Test materials

2.1.1. Torrefied wood powder

The test material used for torrefied wood powder

included oak chips for pulp with a water content of
12% equal to that of wood powder. It was manufactured
by using superheated heavy treatment in which rapid
heat treatment is possible to use steam at high
temperature. It was made by Seungjin Inc. under the
conditions of 300 and 350 degrees in temperature and
10, 15, 20 and 25 minutes in time, respectively. After
the grinding process, a torrefied wood powder of 75-106

um size was used.

2.1.2. Cationic polyacrylamide (called C—PAM
here after)

Cationic polyacrylamide was used as a test material
to modify the positively-charge surface of the prepared
torrefied wood flour. C-PAM provided by Seungjin Bio
Co., Ltd. was Praestaret’™ OMC 849BS, M / W
8,000,000 g / mol.

2.1.3. Preparation of paste type coagulants
using torrefied wood powder flour

In this study, 0.2% of cationic monomer solution
was added to 1 g of cationic polyacrylamide in 500
ml of distilled water and stirred at 800 rpm for 2 hours,
which resulted in TWF and paste-type flocculant with
water content of 6% or less. The paste type flocculant
was prepared after adding the torrefied wood powder
to the prepared 0.2% aqueous monomer solution, and
the mixing composition ratios are shown in Table 1.
The mixture was stirred at 800 rpm for 2 hours before

using as the test material of this experiment.

2.2. Test methods

To evaluate the removal rate and the ecotoxicity of
the test samples, green algae contaminated water was
collected in Yeongdang Reservoir in Chungcheongnam-
do. 700 ml of algae water was added to a 1 { beaker,
which was rapidly stirred at 800 rpm for 30 seconds
depending on the type of sample and the dosage
conditions (1 g, 2 g, 5 g, 10 g), and it was allowed
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Table 1. Mix ratio of TWF in 0.2% C-PAM 500ml

Division 1% TWF 5% TWF 10% TWF 20% TWEF
v C-PAM C-PAM C-PAM C-PAM
TWF 5¢ 50g 100g

to settle for 20 minutes. Then, 300 ml of the supernatant
was collected and used as a sample for analysis. For
analysis, items such as total organic carbon and
ammonia removal rate according to the general items
in the water pollution process test standard (No. 2017-4)
were evaluated. In addition, pH and ecotoxicity
measurements that were closely related to aquatic

ecosystems were also measured.

2.2.1. TOC, Total Organic Carbon

Total organic carbon concentrations of the algae
contaminated water and the treated water were measured
using a TOC analyzer (multi N / C3100, Jena, Germany)
according to the total organic carbon (ES 04311.2b)
test criteria of "Water Pollution Process Test Criteria
(No. 2017-4)a.

2.2.2. NHz

Ammonia concentration of the algae contaminated
water and the treated water was measured using an
ammonia measuring instrument (HI96715, HANNA)
according to ammonia (ES 04355.1c) test criteria of
TWater Pollution Process Test Criteria (No. 2017-4),.

2.2.3. pH

Hydrogen ion concentration of the algae contaminated
water was measured using a pH measuring instrument
(HI96715, HANNA) according to hydrogen ion concen-
tration (ES 04306.1b) test criteria of "Water Pollution
Process Test Criteria (Temp Meter pH-200L, ISTEK
CO., LTD.),.

2.2.4. Ecotoxicity

Ecotoxicity of the algae contaminated water and the

treated water was measured using the acute toxicity
test involving daphnia (ES 04704.1a) of "Water
Pollution Process Test Criteria (No. 2017-4)5. The
daphnia used in the test was daphnia magna straus,
with less than 24 hours of growth, that came from a
more-than-two-weeks-old adult.

The experiment was performed with four repetitions
of five daphnia in filtered water. After 48 hours of
exposure, acute half-effect impact concentration (EC50)
was calculated using the Trimmed Spearmen-karber
(TSK) method.

Toxic unit (TU) = 100 / ECsp -+ 1)

ECsy: Media effective concentration

3. RESULTS and DISCUSSION

3.1. Characteristics of algae bloom water

Green algae contaminated water from Yedang
Reservoir, Yesan-gun, Chungcheongnam-do, Korea was
collected to evaluate the removal rate of pollutants and
ecotoxicity. The measured items included total organic
carbon, ammonia and hydrogen ion concentration be-
tween the green algae polluted water and the treated
water. Green algae contaminated water in Yedang reser-
voir was analyzed and its results are shown in Table
2. For lake water such as reservoirs, the hydrogen ion
concentration should be in the range of 6.0-8.5, and
total nitrogen containing ammonia should be 0.2- 1.5
mg/. Also, turbidity should be 1-15 NTU. According

to the analysis of contaminated water, turbidity, TOC,
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Table 2. Characteristics of algal bloom water in
Yedang reservoir

Table 3. Comparison of Total Organic Carbon removal
rate according to samples input

Division Characteristics
Turbidity(unit : NTU) 366+3.95
Total Organic Carbon 92.24 ug/t

pH 7.6
Ecotoxicity -
Ammonia 4.99 mg/t

and ammonia concentration did not meet the water

quality criteria except for pH and ecotoxicity.

3.2. TOC (Total Organic Carbon)

Total organic carbon refers to the concentration of
organic matter in water, meaning the total amount of
carbon contained in water. Higher levels of total organic
carbon promote microbial development in water. Table
3 below shows the total organic carbon removal rate
according to the sample conditions. The treatment
conditions of 1% and 5% of torrefied wood flour C-PAM
showed high removal rate of 86-92%. With 10% of
torrefied wood flour C-PAM, the TOC removal rate
was 80% when 1 g of flocculant was injected, which
was lower than that of other flocculants. This seemed
to be due to the difference in corresponding charges
between the contaminants to be removed and the
flocculants prepared. With 20% of torrefied wood flour
C-PAM, the removal rate of 89% was obtained when
1 g of flocculant was injected. However, as the injection
amount increased, the TOC removal rate drastically
decreased. This seemed that when the input amount
of torrefied wood flour increases above a certain
concentration, organic carbon and organic substances,
the major constituents of torrefied wood flour, are
eluted in water, thereby reducing TOC removal rate.
In addition, when only 0.2% of C-PAM was added,
the removal rate of TOC was increased according to
the amount of additions, but the removal rate was higher

than when the torrefied wood flour was added. Given

Total Organic Carbon removal rate(%)

Samples 0.2% 1% 5% 10% 20%
Input cr A;A TWF TWF TWF  TWF
C-PAM C-PAM C-PAM C-PAM

lg 75.25 90.00 86.56 80.27 89.13
2g 86.90 91.26 92.47 91.08 89.87
5g 88.54 91.76 91.67 90.11 65.93
10g 86.26 91.01 90.13 86.83 59.87

that but the removal rate was higher than when the
torrefied wood flour the coagulant containing 1% of
torrefied wood powder is deemed to be suitable for

the removal of organic substances in water.

3.3. NH3

Ammonia in water consists of unionized ammonia
(NH3) and ammonium ion (NH4"). Out of the two, the
harmful type to marine life is unionized ammonia.
Therefore, ammonia concentration was measured in this
study. Fig. 1 shows the ammonia concentration in the
algae contaminated water and the concentration of
ammonia corresponding to the added ammonia when
the paste type flocculant was prepared according to
the added amounts of torrefied wood powder. The initial

ammonia concentration of the algal bloom contaminated
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Fig. 1. Comparison of Ammonia Concentration
change depending on samples and input conditions.
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Fig. 2. Comparison of pH change depending on
samples and input conditions.

water was 4.9 mg/{, and there was a difference in the
removal of ammonia following the sample injection
depending on the torrefied wood flour content. In the
case of the treated water, about 0.4-2.6 mg/f was found
to be reduced from 2.3 mg/C to 4.5 mg/f. When only
0.2% C-PAM was added, the ammonia concentration
was removed up to 2.6 mg/l at a constant rate. However,
the removal rate seemed to decrease due to the addition
of torrefied wood flour. Since ammonia exists in
dissolved ionic state in water, it was difficult to remove
coagulation due to the chemical bonding reaction
required for removing the dissolved substance, which
seemed to lead to the difficulty in removing ammonia.
However, when selecting coagulants that are suitable
for removing organic, it is important to consider other
factors that may affect aquatic ecosystems.
Therefore, when removing ammonia, 1% of torrefied
wood flour C-PAM and 20% of torrefied wood flour
C-PAM had the least amount of variation according
to the injection amount, and the 1% of torrefied wood
flour C-PAM with relatively high removal of ammonia

was considered to be effective for ammonia removal.

3.4. pH

Among the environmental standards for water

quality and aquatic ecosystems, hydrogen ion con-

centration in the river's living environment standards
is determined to be in the range of pH 6.5-8.5. Hydrogen
ion concentration in water is an indicator closely
related to the degree of algae bloom. This is because
phytoplankton depletes carbon dioxide in the water
during photosynthesis during the day, causing the water
to become alkaline. Even slight changes in pH become
stressors to marine organisms, causing various physi-
ological effects (Moon et al., 2017). In addition, if the
concentration of hydrogen ion in water is more than
9, it causes damage such as skin bleeding of aquatic
organisms, and, if below 6, directly affects them, causing
difficulty in growth of aquatic organisms and even death
of fish and shellfish (Park et al., 2016). Fig. 2 below
shows the results of measuring the hydrogen ion
concentration of the algae contaminated water and the
hydrogen ion concentration of the treated water
according to the amount of the additive paste type
flocculant prepared according to the amount of torrefied
wood powder. The hydrogen ion concentration of the
green algae used in this study was pH 7.9, which was
decreased by about 1 with the addition of 0.2% C-PAM.
This concentration does not affect the water ecosystem,
but only 0.2% C-PAM seemed to affect the pH
concentration in the water. On the other hand, adding
1% and 5% of torrefied wood flour C-PAM did not
affect the pH in the water. The pH of the treated water
was found to be at pH 6.5-7.7 under all conditions,

meeting the water quality standards.

3.5. Ecotoxicity

Green algae are divided into cyanobacteria and algal
bloom and their excessive growth causes toxic sub-
stances, microcyctis and anabaena. In most lake water,
microcyctin occurs first. Microcyctin is algal bloom
in freshwater that produces neurotoxins that affect the
nervous system and hepatotoxins that affect the liver.

It shows high hepatotoxicity and toxicity that inhibits
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Table 4. ECsy Comparison of treated water according to samples input

TU (Toxic Unit)

Samples Input
1% TWF C-PAM

5% TWF C-PAM

10% TWF C-PAM 20% TWF C-PAM

lg -
2g -
5¢g -
10g -

* - : no detected

proteolysis, and is known to cause contamination of
internal body tissues and if severe, even death (Kim
et al., 2015). Thus, in this study, the ecotoxicity of
green algae contaminated water in the sample was
analyzed by using water fleas to evaluate the presence
of toxic substances due to green algae. In order to
evaluate the presence of toxic substances according to
the addition of the developed flocculant, the paste type
flocculant treatment was performed. As shown in Table
4, all of the experimental results indicated that the water
fleas survived, which suggested that the algae con-
taminated water and treated water had no effect of
toxicity. There was no ecotoxicological effect on the
harvested green algae contaminated water, since there
wasn’t enough time for blue-green algae to produce
toxic substances because the samples were taken early

in the development of green algae.

4, CONCLUSION

In this study, the effects of pollutants and the
ecotoxicity on the ecosystem were investigated using
the paste type coagulant prepared by mixing and stirring
cationic PAM and torrefied wood flour prepared by
superheated steam treatment, which leads to the
following conclusions.

1) Total organic carbon was removed between
59%-91% in all treatment conditions. The re-
latively low removal rate of 59% seemed to be
due to organic carbon and organic substances that

appeared in the water when the input amount of

torrefied wood flour was increased, which may
have reduced the TOC removal rate. On the other
hand, when the input amount of torrefied wood
powder was appropriate, the total organic carbon
removal rate was 91%, confirming that it was
applicable to the treatment of total organic carbon
in water. In addition, the initial concentration of
ammonia in the contaminated water was a high
concentration of 4.9 mg/¢, along with a removal
rate of 8-50%.

2) pH and ecotoxicity had a direct impact on aquatic
organisms and the initial pH of the algae con-
taminated water was 7.9. When treated with paste
type coagulant the pH was 7-7.7, not affecting
aquatic organisms, and when the 1%, 5%, 10%,
and 20% of torrefied wood flour C-PAM
coagulants developed in this study were used,

there was no ecotoxicity.

The paste type coagulants developed in this study
was used to evaluate the removal of contaminated items
such as organic carbon and ammonia, and variables
that affect aquatic ecosystems such as pH and
ecotoxicity. The results showed that organic carbon
showed a high removal rate corresponding to the
addition of the appropriate amount of coagulants
developed in this study. On the other hand, since
ammonium ions exist in water in the form of dissolved
ions, they are not casily deagglomerated due to the
chemical bonding reaction required when removing the

dissolved substances, which may have led to the
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difficulty in ammonium removal. In addition, the results
of no pH change or ecotoxicity implied that flocculants
would not be harmful to aquatic ecosystem when they
are used to remove organisms from water. Therefore,
the paste type coagulant developed in this study can
be safely used in water treatment without toxic effects
on ecosystems. For example, organisms such as TOC
can be safely treated without harmful effects. However,
the flocculant developed in this study showed a low
removal rate when removing dissolved organic
substances such as ammonia. This is probably because
it has a high physical binding strength, but the chemical
cohesion reaction between the dissolved organic
material and the chargeable molecules present in the
flocculant is low, which leads to difficulty in chemical
flocculant reaction. Therefore, the coagulants developed
in this study seems to be more effective in removing
organic materials such as green algae and TOC from
intake and lake sources than in treating dissolved organic
substances. However, in order to solve the problems
of polluted water with ecotoxicity, further studies are
needed on removing toxic substances and selectively

removing ionic contaminants dissolved in water.
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APPENDIX

(Korean Version)

WHSLE-E Pasted SAAIY SAEHA nA= 9o A A+

2% AT2usie} o5 MAO R oY SHY7] A5 W bS] SR wE 9 Fust oF Helshy) A3t
v go] FOElT gl Agolek. Spe] A MY FA] FEO HLGL 44 U ASHUGS Alumt PACSH 2L
gl Ade] SHAL Brste] 250 JHIFE Aofshn glek. Tt $HAY HeHEYS Aol F24%A
W S 5 900, 240 B4R WL B3 2 OFFS v £ ek wehd], B AelAL RAYRE 359
TS e B Aolgete] 2ey FHTHY BRI SUAS LA, ALY SUAZ o18F 2959
#e)4] TOCS} NHN, pH, k=4S BAjst0] et 41419 Esot SaeAel o) ek Briskadt aick $4412)
SAEAR] VRS GFS B 91 2 0GRS APSIGO], TOCS H9- 1%2} 5% WESHEE CPAMS] Hel24
4] 86:92%2 & AAEE LebTh NH-Ne| 49 53% AALES Leion], S0l eme] 49 kxrt wid
@50 W pH 79900, H2le] $a0l SR pH 657740]2 £AR47|Ze Aake Ao uebrh w3,
BAEHNY 23 BE AYFue|A BriSo] APsH] ok HEFORA Srset Aol nE B4 gy gt ow
Urebieh. uteba] 2 Qo)A et opahy EuhAAe) wekske o] Sayel Ao uA 97t 918 TOC, NHyN,
pH. Chiorophyll-a, AR EAE HAT 2t AAAS B ZFAAT} 758 A0 Bekg

LME

A2 doie} 71 e ske Q13 e, T4 B SPH Y| mx e o] St} HIE] SUIR A e ae]|o] ZA7E A7) o)A 1L
W= A7golth(Yang ef al, 2018). 5271 HEE FpAaedt Do 9 sPee FeAd34E AA Ml o522 3aE]
wfiol, A @WE ol W2 vlET} A2 TS AXA "ck @ FH A 525 AASH] 3 AEIHAR
FEES 80% ol A8l AtKYang et al, 2017). FE= ARgo] &olstH, FA|ZQl o] f= WAL 525 dAHoE
AAsH] Sl HHA oz ARG QITHWERT, 2012). E3h, st el gol= 334 £Y& B3l o5 LH4=dE Adste
9. skeA Ao A 7 REA S Z ARR-EE -3 A= Alum, PAC(Poly aluminium chloride)o|th. Alum} PACE &3 u)E
ALY SHAR, %ol 24 Aluminiumo]-2o] 442 [91E %, AlgolAls gzstoln ¥ 59 34744 HE /4%
F9lon, SAE 1AL 59 GRS vA £ otk ofeh 71 SAAY] EANE dldstr] st Felile wx AAE
Qlal ko] mlA] ME WA, ofol24d A ETA & WHOR mX0f % HEAS AASH] 13t oY 7ol AdE
Atk(ves et al., 1959). &3, 7 B 7a52 BPH o8 F 85 8 58 A5 s2AAEA A 3 279
SRS, A, 279 AFAA T T2 s2A AR ] i AL7F A= QekPark ef al., 2015).

71& WrestEA o] digh dte WEsERo] S= s 98] 1as AR(Lee ef al., 2016)2] AT} st EA
(Nam et al., 2018)°] tfet A7} A= glon, & AoAe 7] £3H A& EdE dd AR EAE o83t
sl WP R} pastey HIHSNEE SAAIS Alx8IGtHYang ef al, 2016). Al2H A= HES71A et SHsE
= WERtEES oFolA] iR HaldE ol gate]l FHNEAAYE 53l Fols YA Hol X8 e w25 AASH
+ o}, 7] =3 ATEIE F9f vedhsio] YRR A 2H §-A= B, Optical Density, Chlorophyll-a 37}4]
FEA 90% o] AATES el A& AFoHtHYang e al, 2017). 52 AA Ao w4 SHEHUAT, 52
F71E4Y AAET AeiEdol digh A Aart £Este] F71AT7E R Ao R s wehi] B Ao sk
HHelEs o83t paste} SHAE 5ol AHSINE o 5 LHEE AAL} s vA= IS BrFstaa
ot BrRHEC 2= pH, TR71S4, dEUol S-S BriskaR gty |7bE Soto] =& AnE ol %
A=A AA 7T S8E A mAs Gl deiA HEstaA} gt

2. M2 2 g

2.1, IAA=

2.1.1. BtekstEE (Torrefied wood powder, ©]5} TWP)

SANER AHGE WEREEES 24 293U daed 12%9] B8 UE e ARSHlTh LolA SU1E
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o] gdlo] T4 AA 27} 7h53 HFAZ7|H S o] &slo] Azt o] xﬂ 23k vlekslE R o] 2712 300C, 350T 9] &
742 L= ZATF 105, 155, 208, 255.0] 474 A7tolw, ulazje] gyaAluto] oA AxaleTh B4 L AR
7 75-106 um 7] RbEe} A FEhs ARSI

2.1.2. Cationic polyacrylamide(©|3} C-PAM)
Az wrekslEE o] okt EH )AL 9)5ko] Cationic Polyacrylamideo] AR &2 /\}Q—E] et olu) G2 Auto] 2.o) A
Hopko C.PAME EuHA}t A&(Praestaret™ OMC 849BS, M/W 8,000,000 g/mol)A| &S AMg-314ich

2.1.3. W SHE S o] 83 Paste’d SHA A=
FFol = & 6% ©l5ke] TWEFS} Pasted -S-HAIE A|23817] 18t0] 0.2%9] ol Bie=m $§H2 500 nl
% =] Cationic Polyacrylamide 1 g& #7135} 800 rpmol|A] 2417t wHHS 8 A|=3}ch AZRE 0.2% i g0
WSR-S X75te] Pasted SHAE Aok o, oo &3} 2/Ju]= Table 13} 2t} S3HA-2 800 rppm O & 24|17k
3 AEe FANEE A

ESe | w2 AEEY] 5 2922 Ared AE=A B st ST oAt g AeAllA T 5=

C1 Luo] 700 1l HEAE HE F AR TR FUB( g 28 5 g 10 g 249 wet 800
o2 022 S 52000 BAAS 71H 59 300018 AAelef g AR AHgateleh RAGRE e
HRAAT/IZA1742); F ATl sk 5 71ekn, QU AALE BsHom, SAEAe BHst B

22.1. & §7)€ka(TOC, Total Organic Carbon)
a0l Weieo] & 4715 SES B/I5) flsto] (AL ABAAH | EA201745):9) & $7/E4 (ES 0431120)
A7 9Aste] TOC £A17](multi N/C3100, Jena, Germany)E ©]-8-5to] &4 st5ic}.

2.2.2. ¢FEUONNH3)
g0l 2ol ol SEE HE] $1to] T4 A TR ER20174%):9] S} (ES 04355.1¢) A%
7120l oA ehmUo} 277|(HI9T1S, HANNAYE o] §3fe] 27454t

oL

2 23. 2:2:0]2 %T(pH)
s52400] S0l RS L] otol TS0 B AN RIE(H2017-45), 9] 0] &5 E(ES 04306.1b) AJR71EE
o 47{0]-01 pH &47](Temp Meter pH-200L, ISTEK CO., LTD.)E o]-&3}o] ZA3}3ic]

224 A e =X (Ecotoxicity)
T} At A=A Hrls) HOM FATATEES EHES |85 AR §4=
r-’F A HS A 7IE(A2017-42), 9] EHES 083 4 54 AIFR(ES 04704.1a)0] AT o] éxoﬁ}

H EHE2 23 oldH AN U2 24*17Pﬂl‘j* A<5/4 el ¢] Daphnia magna strauss ©]-8-3to1 A9 .
ot Azlgpo] suhey 4RHEE Fol *‘3&5}%’13‘31 AP BARE =& & FPAol wel TSK(Trimmed
Spearmen-karber) WS o} 4510] FAUSGPEEEC) Y] A EEFAT AHEAGL haTt 2L A0 E2s4r.
Toxic unit (TU) = 100 / ECs 1
ECsp: Media effective concentration
3. 4ot & 1Et
8.1, % 095 24
SRR A AGAFA A T 52 QHFE Bl F LHEE AL A=Y BUHE o w2 a0y
A1t & e, dEyok iolg lﬂE =49 =2 %233 k. A e w2 H4=9] £4H1k= Table
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20} ek, ALA0L 2o BAS0 A9 20 20 60-8.5 WSjol WEStelof b, mUolE ERsH: $U40| 4
02-1.5 ng/L & wHEalolof gk, Fat, SEe] A9 1-15 NTUS uHalolof g, 2@40] 4454 23} pHel Aes4
Aglatan, BE, TOC, gEuoksrt 487120 AgsHA ke A0 e,

tlo Ho

W

2

of

871€kA(TOC, Total Organic Carbon)

7Igie ol El Y f71E £EY BERA, B0 xdE AA Y @S Y|y, 7Y
5 7% vAE TS SAI ofgf ¢ Table 32 242 Alg 2719 ©HE & 47194 AAES UerSith
1%8} 5% WHsHeR C-PAMO] He| 2o 86-92%w=2 AAES Uetith 10% WHeskss C-PAME] 49 334
1 g 39 Al 80%2] AAER o2 FYAELE TOC AA&o] WA Uett=d o= AAS = LdEHT Alzd SHUA
7k ke Mot oh2r] gl Ao R ToEct 20%9] WEtEtEE C-PAMS] 9 34 1 g ¢ Al 89%2] AAGE
o] Uept o), 9] F7tel whet TOC AlAEe] g4sHA dad A o= Uyt o] RIashgi o] £qjgfo] d4se
ofFeE F7Ie AP WSRO 8 FAEQ AVIEAe B fTIEE] 50 §EE 0] 0|2 Qs TOCHAAE.] oy
Ao WEHE) ET 02%9] CPAME H7Kt A9 A7kl 1 TOCAAS Z7K8 bl sht wieisie e A7ha
ot =2 AAES i 4= 9SS skt olo, & AT AnE EshEs ko] wobdaE TOC AAREO| Ay
L 2312 )] Kol HhkSLEE 197} HrElo] Ut SHAVE 4% FHlol U 97127e] A Agaor BekE,

"
4

ot o
0

1

ool

3T

O
=
%

o

X

3.3. QrHUoK(NH:)

FFol A dmyokE o] 23E|A] ok R oKNH;)9t UEECIANH,)Z ZAISch R oKNH3)9t YrFol
(NHy) 3 385 128 A o] 28k5|7] ok dmyotolt). ofo] B oA dryol 5=5 A3t Fig 1>
EX QA4 rUo} FEo}l HhekshEE o] H7IRkol| utel A2H pastelt A AMEA] A7k wE hEU kY] FEE
Vel Ao =% 9dd20] 27| dtuyjol L= 49 g/ Lo|gla, wElsl B $ha-ako) ufa} AJR 29| m2 orio}
AA zto|7F WAstRom, A=) - 2.3 myLojlA] 4.5 ng L2 <F 04-2.6 my/ L A== AL 2 Yepyth 02%
C-PAMYF 7 49 dAet 529 diyol & dryol Frrt Xdf 2.6 ng L7HA] AAE= ALR Yepgon,
HHERShER 7ol Sal] AlAEC] Wobdl Ao AEh ghyote] FL- 425 824 ol AR EA57| o] 24
B4 AA A a7sh= 3ehA Aghuhgol w2 SA AT} & o] Fo]Z]7] okt tmy o} A AL & o] Fo2) 7] ¢ Ao R
o Jey g Yot ofyel TOC, pH 53k 22 FAE Ao 93-S v|X|= 7|8t F3IAE Lesto] §71E2
AAl A3tst SHAE AAstoiok it

weta], B Ao A= gryol AA Al HIESHER 3-5-1% HIEHSEE C-PAMI} 20% BHEHSIE-E C-PAMOo| F9]5ko|

2 1AL 7P A, Yol vlad A AIAR 1%9] SHEsiEE C-PAMO] giyote] A7 o agafo]atal ek

34. 4220|125 (pH)

A W A 871 % sHe) ABYIEY ool LRl pH 65859 Hel2 449 B ol gtk
539 S0l el SaRAe] WAHE YRS WHY Belo] i AHolth £59] AE FYAEo] tof FIS
SHAA B4 OlABIEIAS 11Z2417]31 ol 2 Qls) Bol WA OE HIHY] hRoltk. 5% AL pHIF ululshA HalstolE
2Ed §OlORA 27 Agote] HoRd Belsha GFL oplaAthMoon ef al, 2017). EF, 559 ol L5 9
ool Hul £FMBY 339 28 O DT WA, S0l 6 ofstolAl £EABY A% etk % ofHRe)
AF Sl A2l e o) AckPark ef al, 2016). o} Fig. 2= 526 ¢14:0] ko] L3520} NIka} R3] Arbeg
wet A2E pasted $HA AGA B TE Heso] phole BES ZHY Aolth AHFE Sx50) S0l
ST pH 79010, 02%9] C-PAME F7Heh 220014 pH7t | A Zashs 202 veitet of Al 952
WA ghe Ee] SEolr] St 02%¢9) C-PAM Bhe AHGE 4% 45 pisie] thi oS nlx|t A0 Beer,
W 1%, 5%2] WFIEHEE C-PAMO] H7HE 7 pHO 93 t1AA) gk SEE Uehith. Helde] pHi BE 2704
pH 6.5-7.7 Aol $2877]%0] Ae 202 e,

3.5. A=A (Ecotoxicity)
w2E URESL BARE PREoAN, ko] e 24| WAEE PR o) E4E99 Micrcyctissh Anbaena
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7b A=, o RE 5404 Microcyctino] 9-42 02 HHYE T Microcyctin 4= *P% ZRE A dFFS
] Z] = neurotoxins@} 7ol o} @3k 1| 2|+= hepatotoxinsE AJ/Jetth o= =& 1t 54 L wild ZpeReiE A=
S48 g, Ad 59 Al AAHRERAS SFA7]L, AT B AAkshs AL 2 EW ATHKim et al., 2015). o]of &
AFo M= dd AR w2 YO R Q7 54 HERE F7leh] H8] EHEoE w27t IE 52 L5
gt AeEAS BAetg o, st A9 Hrtel 2 EAEAY HEARE Hrlely] Y pasted] A Aol
o)t e 54 %7% &F¢it}. Table 40 Lebd HEel ol *é‘ S At BE AEATA BuSo] APHEIA] 1

AEFORN 52 0A50 A4 BE 540) Qo] gz 20R Uehdeh A4t 52 ool ARIEA ol LA
B e 2] SEUAA QoS Adslel aFel ol *é%"eol WA A7) 20 1] el AoR
e,

=

==

4.7
= ﬂ%“’ﬂ*i ol PAMY} HET7| 2|2 Alxd veelnis 29k wtsto] |2 pasted) SFA
LA AAES A=Y B2 5% A niAs @l disid dEstEen, B g2 dEE =ESA

>
b
ol
+
ol

1) A ARl AGNA F 7]gkat 5991% Ajo]e] AA&o] etttk 59%0] vli W AAge] Lehd 29t wish
0] £Ig0] 749 49 wEskEe) 20 4 §718 9 §71840] $50 2450 ol olsf TOC AA o)
AL S, W, $4i0] Relado] el B A F 471 Aol 1% e AALE el

5 5 1k ARl A6 Tt shlstaleh 0 oweel ob 27] 555 49 1919] 8 w2 SRR
S-500he] AEE chebie

2) pHS} AEl 2 455] 450 zv o) L ulA|k 80, %2 99i4:0] 27] pHi 7.90]1, paster) SHAS
BHE AEA pH 7178 Qo £ Aol FHE WA Gnl, € el A 1% 5%, 10 20 55
SRS CPAM SUS A8 A A4 S A0 elsich

& A5 S N pasteld SHA| AR Al 4 —4 i =R ek 9 QFEY o} A7 ef A A nA= YA
pH, BEl=4E F7iskich 97 23 f71ea] 3 Aol M AL SAAE AARF A7Hedel wheh w2 AAEol
LER T Wh, fiEol 29 - 45 824 ol ”EHE A7) vl 824 1‘4 AA Al 875 skeha] ZAks
of M SHAA7E 2 o] FAA] Got Frgol 22 AA7E & o] FojAA] 2 Ao Aekerh. E7E, pHHS e} AYej=4do]
fle 24E F3 #% 7128 AR AR Al FAE Al mAlE FFol e &EE sk

upeha], FRHE o & Aol AL pastedy SHAIE o 8ste] FARE L A9 A vAe 54 9T §lol

TOCo} 98 71549 P01 AEIS S5 5 12 el ST 26l & Sl Ak $55 A
QrEUolel 2o 824 §71280) A A AARE0] WA ekt ol & Aol At $HAY 49 el
AL oL 24§71 A SHAl ZATE WS T BArel sk Aghuigol Wol shekd S
ofelgo] ol7] thom Beksic. ofo] & ATCIA AT A A9 BEA £712HY M2 Mrhe A4 L 540
Sl A9 2 9 TOCSH e §712 9] AR A8ake sl mndoletn aEh

ok, F7H02 YeEAS el 0940 B2 sto] SRR Ao 450 S28 oled 2o HEA
QA A et Hsk 477t BRT AOE BREC,
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