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ABSTRACT

Persulfate-based advanced oxidation processes (AOPs) can oxidize various organic pollutants. In this study, persulfate/
Fe(II) system was utilized in phenol removal, and the effect of various organic and inorganic chelators on Fe(Il)-medicated
persulfate activation was investigated. The feasibility of persulfate/Fe(Il)/chelator in cleanup of phenol-contaminated
sediment was confirmed through toxicity assessment. In persulfate/Fe(I) conditions, the rate and extent of phenol removal
increased in proportion to persulfate concentration. In chelator injection condition, the rate of phenol removal was
inversely proportional to chelator concentration when it was injected above optimum ratio. Thiosulfate showed greater
chelation tendency with persulfate than citrate and interfered with persulfate access to Fe(Il), making the latter a more
suitable chelator for enhancing persulfate activation. In contaminated clay sediment condition, 100% phenol removal was
obtained within an hour without chelator, with the removal rate increased up to four times as compared to the rate with
chelator addition. A clay sediment toxicity assessment at persulfate:Fe(Il):phenol 20:10:1 ratio indicated 71.3% toxicity
reduction with 100% phenol removal efficiency. Therefore, persulfate/Fe(Il) system demonstrated its potential utility in
toxicity reduction and cleanup of organic contaminants in sediments.
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2006). A HSL
o738 EA17]
Ho| AF-Fsl=
A o= AAsHE T4 o] =2 AREA|E,
o] e¥EHo] ¥t EHEL vy E=
2 AAE FAo] FeslIthE=HE7EdT, 2003).
mebr], SHE EHES gPke s IS &
B3l LAEAS Flslelr] 918k 7t X8 Folth.

et FAL pH W 9jelA #8o] 7Fsstar &,
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LIRS I FIAAES S B 5l
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t}. o] F2H] 19AIE %7) Fe(ll)ell o3l #shilke] w2
A BgslEe A 1), o1F 2E‘r7:ﬂ S

o &J3} Fe(lll) L] 2-3) E= §71800 23 H&hrio]
GAslE= oz FHEETH2] 4-6)(Chen et al., 2003;
Kim et al., 2018; Fang et al., 2018; Li et al., 2019).

S,0¢ + Fe(Il) = SO, ~+ SO,* + Fe(II) €))
Fe(Ill) + S,05>~ — Fe(Il) + $,05" ~ ?)
S,0¢% + Fe(Il) = SO, ~+ SO + Fe(Ill) 3)
S,0¢° + Organic Matter = SO, ~ +RH 4)
SO,"~+ RH— R’ 6)
R™ + $,08 — SO, ~ (6)

Citrate, Thiosulfate 22 Zd o= Fe(l)¥} &S
FAgste] W i Fe(IDd] M= =R weby 2t
27} Chelator = Fe(Il) 2120l 2J3)] AAE sikjr)zo.
2 Q9EA AA 58S FIZE F Atk 7-8). T3
WS- 3 AAE Fe(le Zlolele} AAgts]o] 215h4
S JAslaL Haka) vkesle] Fe(INZ S WA
25 AANZD F )}E‘r(’\‘9-10)(Han et al,. 2015;
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Kim et al., 2018). 53], pH7} =2 7% Zeolge] 4
e 202 4 Ak
Chelator + Fe(IT) — Chelator = Fe(Il) &-& (7)

Chelator = Fe(Il) & + S,047 — SO, ~ + Fe(Ill)

+ Chelator ®)

Chelator = Fe(Ill) & + S,05° — Fe(Il) + S,05" ~
©
Fe(II) + S,04>~ — Fe(Il) + SO, ~+ SO,* (10)

Citrate: 22 Ze)7l284a572] f7] Lo} %3
2HE FA7IEA AR CO,, 0, Fe(ll)E
Fe(INZ FIAA ks Fe(e] W82 3402 A
o7 A= o)(2] 11-14)(Wang et al., 2019), Fe(I)ol
23t Fatike] 2429 BAFE VU 5= Uk

804~+R-COOH — SO +'CO,”, R+ intermediates
(in)

‘CO,” + O,— ROO — Rox + O, (12)

Fe(Ill) = Chelator 2% + 0, — Fe(ll) = Chelator 2}
= + 0, (13)
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Fe(Ill) = Chelator 2= + 'CO,” — Fe(Il) = Chelator
HE + CO, (14)

HAE Y] 718 =5 A 35 52 J3iks &
st Al 4 ok 28y BAE f71EY el wet
TEES BFE e A5t 245 XisH?ﬂ} 7V
go] T‘:ZHO]'U:] v?ﬂ To] A5 frled A &
A3LE E1AZ 4= 7] wlEol| (Fang et al. 2018) &3]
U f71E 3 ’D%ﬂ et A s Adoldt At
7} Vb 7Fs/do] ok &gk E3E Wi EAske '
A F7RRe gk BA0= Qlete] 49 pHE -
A (Kim et al. 2000), EZE HollA Fe(II)—— 8
S A5 oJHAL(Li et al, 2016) EZEC| X
o] Pk} Fe(I)e] WhSAlo] Wold Aoz J*%%E‘r
(Piasecki et al., 2019). WA EZE ZA3100 Fe(11)2
| JHIE §A8] S8 ZaolEE AMEste] H3t
S A3 A7l A7 IPEHJ A (Liang et al,
2004), ¥t op2} LelolHE ol&at EFE W] A
A FES FEI] A S ALY F AS A
=2 Lﬂ‘ﬁﬂr(hang et al., 2008)
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B A7e FEHor 299 HHE W Fe(lloll 2J3)
skE At FUS o83 A B WrkE 54
o= gt HAES @A flE ZdElolHe} HE W
,] ib‘)-;(-]o] QAES o]_&z‘s}o:] _14_ ]-_1,]- Fe(H)Q] 5] o]
BolgH| ThRo M QHEA AAEES FUE 7IUE
T 9}71 EHTOH Jﬂ =8 UV LAEAR APgsie] W

T HES FEsl AA
FAste Fe(I@t Ze|o]E
Y E 5= Hale] FH vleS =E3A

ZAeolEle] TRE WAt A3 349 H
AYolElE A4 F, FZHE Yol 3, Fe(ll), Zd|
dste] EXE Ul Zeloly F9] AP o

= #HE(99%, Sigma-Aldrich, USAYS
AREERler HEtd o AFEF(98%, Sigma-
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Table 1. Sediment characteristics of Hyeongsan river

HFYE = A CEC -
H ORP (mV ° = A= 7 S}ak(o nl= Sl o
(Hm) p ( ) (mg/kg) 1:] }g ] ]—%}:(A)) ]_5_ (meq/loog) =4 E (A))
10.8 8.08 -54.5 10.8 2.72-3.78 1.67 123 34.5

Aldrich, USAYS ARSSIATE. EA38HAIQ1 Fe(Ily2 Tron(l)
Sulfate Heptahydrate(99%, FUJIFILM, Japanys ARE-3}
Act. ZHolEE£E Sodium Oxalate(99.5%, KANTO
Chemical, Japan), Sodium Thiosulfate(98%, Sigma-Aldrich,
USA), Sodium citrate dihydrate(99%, Sigma-Aldrich,
USA)E ALSIISICL B 2T Su it 3
2 4 1nel HAEE QU 31 Lol Nae
Aastol, i AR A Tabla 19] FAIKAC
CEERIE Eam HEA H2589 4712
e 7 273%9 537%=2 I EY f1E gl
I 1.90% F= THMEIAS W(Lee et al, 2016), =

< 7l gl 1A
2.2, AE ¢Y
2.2.1. WFEY
EE AY WheEs At BEdle Haskel

M9 stock solution 1() miA F93le] AL R3PS
ek Aol A3 75, Fe(l)d & 34
71 ZAdolH Citrate2} —r7] Zd°]8 Thiosulfat
A3lod(Zhou et al., 2013; Wang et al, 2019) H=, 2
dlolEe} Fe(INS FU3H] 20 rpm_.i 15% &9F wyk
st Z#olE 9} Fe(IDE FH3] WHEAIA ZE o]
B = Fe(ll) FES 9N £ J%%‘r&% T8t ®ES-
< ARAFT

AE AF= 0, 5, 15, 30, 60, 120, 240%ric} AZ
< AFHSHA 40% olekE} QI Z4F o R T
7 §AE o83t 1:19] FuHIR Fste] vk T4
(Quenching) & A8l o™ St F59} Fe(ll) 55
& AFES B3l 7Y =55 A% F ZAyol"et
Fe(D®] #H# 4] T& v&-S 2A3th mE A3l
Al 9hg- AIRRRE] $A7HA] pHe 2302 FA|E AT

o
v

222, QX%U /\1-&4‘3

EH=S o83t Ao s 1] 152 st 40
mL REAolE 24 W] SHE 29 F 4 5
At A o Z HE, Citrate?} Fe(INE UK 20
rpmOE 158 E2F WkEl Citrate®t Fe(IDE 23]
HR3-A]A Citrate = Fe(ll) 225 FA7 & H3AES

st wkeS
EXE
497 AT o188 HAE ol F LA
] xd < HE 29 HFEE DCMS o83 ¥
B8 E==3)o] 2R/ sl B9 Y 1F Ag
= EHED. magna)’° o83l 1047t EHE| =
A1A 542 H718F90H(Ingersoll et al., 1995).

S-S ARAIZTE ZF 899] stock solutionS
Hegsar, AlE AFH3ked 0.22 um PVDF

HE FE+ UVASE7](SPD-20A, Shimadzu)®} C18
Z= (Poroshell 120, 2.1* 100 mm, Agilent)o] “&2ke 1
A AAZZrEE 23] (LC-20AT, Shimadzu)s A]—&o}
o] ZA3IAT} ol FA> 0.2% Acetic acid(J.T. Baker,
99.7%)3} Methanol2 80:202.F % 0.15 m/min®-E
8t 275 nme] FFelA HlEs AT At
A FE=T 5%9 NaHCO;3(99%, Junsei, Japan)© & 25
H 2 Q= 3dFHE(99.5%, Junsei, Japan) G828 HL’\“/\]
ofo 2 Algslo] WA 10 mit AR 025 miE 37}
S amkste] 2027 MAAA 2R T s
Al(Optizen POP, Mecasys.Co)S A8-3F] 400 nmol|A]
FAEE SAsIT-

2.4. Il= £3) E:{IEI

A8y A7) 277 BEE) 2lS o]831e] 271 Fe(I)Y]
HPE DAgstol] o3k wE RS 19, 27 ol¥F
Fe(Ill) $helol] oJgh o] vl vh33} EZE W {71
o &gt =% st &gs} wkg-S 2T ke E AR
alo] 418t AThA 15)(Kim et al., 2018).
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Fig. 1. Result of phenol decompostion according to persulfate and Fe(Il) ratio. (a) phenol removal efficiency, (b) persulfate consumption
rate, (c) two-compartment kinetic constant k;_ ks, [PS]y = 5.31~53.1 mM [Fe(I)], = 10.6 mM, [Phenol], = 1.06 mM.
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Table 2. Two-compartment kinetic constants k;: First-stage k,: Second-stage
No. Factor PS/Fe(1)/Phenol Chlelator Fe?*: Chelator R'emoval k; k> R2
efficiency (%)
1 5/10/1 9.24 25.86 0.0047 0.941
2 10/10/1 21.84 34.39 0.01 0.978
3 PS Conc. 20/10/1 - - 38.17 26.71 0.04 0.992
4 40/10/1 49.2 34.34 0.062 0.999
5 50/10/1 55.6 38.09 0.088 0.999
6 1:0.25 81.27 38.18 0.25 0.983
7 1:0.5 100 43.94 1.87 0.998
8 Citrate 1:1 100 35.1 1.55 0.995
9 1:2 30.42 29.5 0.0025 0.981
Chelator
10 1:4 16.34 25.62 0.002 0.997
11 20/10/1 1:0.25 90.34 33.46 0.33 0.999
12 Thiosulfate 1:0.5 72.64 29.09 0.11 0.987
13 1:1 59.85 26.16 0.017 0.999
14 - - 100 53.95 2.44 0.997
Clay
15 . 1:0.5 100 28.43 0.61 0.996
Citrate
16 Sand 1:0.5 90.22 33.88 0.22 0.997

Teut, AR 1A 27100 Fe(ihell oJsl 449 ket
OZo] HES AASKE 194 olF 5= Fe(lel 9
3l Fstto] AREHEA = wheAdol A3 16-17)
Sh= Wb, A32~5004 19 ©]%(2] 16), 28AIeIA
A Fof whgo] dojuuA FlEs A&HH R AAEE
Ao IHETH2 18-19).

$,0¢ + Fe(Il)— SO, ~ + SO, + Fe(Ill) (16)
SO, ~+ Fe(Il) = Fe(Ill) + SO (17)
Fe(IIT) + S,04>~ — Fe(Il) + S,05 "~ (18)
S,0¢>"+ Fe(Il) = SO, ~ +SO4* + Fe(Ill) (19)

3.2. ZeflolE 7ol ofet = MAES S "ot

3.2.1. Citrate 37}

A9 3~59] WA A Aort A gfon vt
2] vl AA U9 AF 39 F= F7 Persulfate:
Fe(IT):Phenol 20:10:1°2.2 Citrate d7} 23S F3P3}A
thFig. 2). A3 7, 894 Citrate = Fe(ll) =3} 33+
Akt WRgEPAA AA &gl Ho 100%7HA FA T
A, AE 4,594 Citrate = Fe(ll) 2&3} 34k
RS2 A HAshHA] AlA &80 oF 20074 A
ITHAEE 10).

Citrate =7} Fe(IDRt} &2 W, Citrate = Fe(I1)<]

O

"

o,

Ol B

I
i3

Dy

2147

2 A Fioz Qs FH&ate] Fe(lel tiE A
T3} Fe(ll) = Citrate 223} 784 Afolo]] al
o] A7)e QA Wl (Steric hindrance) 7} HAY
syt AetE e, e B
Fe(IDoll 23l 12AI7} LA8SE 5 Fe(lll) A32d¢] A

A

w8t

SHEHA] 28AllA A Fal) 93] WHlslA] kol BhE-
o] Azt AoZE AHETHHan, et al., 2014; Han et
al.,, 2015; Dong et al., 2017).

AF 6~105 194, 22 AA &= 2dPs 2o
(Fig. 2-c, Table 2) A3 6~89] 19AINA k& 35~43h
oz AY 3o HF) w2 &= g ERIEeH, &
3] AF 7004 158 ol T2 kS ERIT 5 ATk
2A1914 0.25~1.87 h! AF 300 HIg] =2 &% g
A7F FRA=A, B3] A 79 194 ) 47| o]
1ol =2 &5 Aavh ERIFEAS 19 A4 Do)
B = Fe(ll) ZFEol gafl Fe(ll) 8540] oA 3}
ko] HkgAJo] FskaL, 29 AlOlA Citrateoll 213 2
S ghgo] FXIEHA X&F o2 ARk ghgo] o]
FoRE Aoz FIETHA 20-23)(Wu et al, 2014;
Dong et al., 2017; Wang et al., 2019).
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e

SEA

SO, +R-COOH — SO,* +°CO,, R + intermediates
(20)

'CO,” + 0,— ROO — Rox + O,~ Q1)
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Fig. 2. Result of phenol decomposition according to Fe(Il) and citrate injection concentration ratio. (a) phenol removal efficiency, (b)

persulfate consumption rate, (c) two-compartment kinetic constant k;, k,, [PS], =

mM, [Phenol], = 1.06 mM, Fe(Il):Citrate = 1:0.25-1:4.

Fe(lll) = Chelator 2H% + O, — Fe(ll) = Chelator
& + 0, (22)
Fe(Ill) = Chelator 2% + 'CO,” — Fe(Il) = Chelator

2=+ CO, (23)

AE 9,109] 27AIoA 0.002-0.0025 hr '© & Citrate =
Fe(Ill) ZH=3} 432k Alolol] Q1A Wafl(Steric Hindrance)’
7F YA d Sl wh-o] Algke g whgo] =4 E
oJX&= Ao = FrETH

wEha, B Ao 20:10:1@EAFFe(ll) @) F5H]0)
A Fe(ly@} Citrate®] HZ FEHI= 1:11 &= 1:.052
T webA, Citrate = Fe(ll) 2H-2 o83k 23}
2 EAsl= H3REE Fe(Ie] & 5=HI9)E CitrateS}
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21.24 mM, [Fe(ID)]o = 10.62 mM, [Citrate], = 2.65~42.4

Fe(I)9] HH9] Y T=5 =)ok a7} ok

3.2.2. Thiosulfate %7}

Fe(I} 2He-s AAZSHAA 19 ¥E844S =45l
Fe(IINZ WA SA1A 2aA12] WkgA1S =o0]7] 98|
ZdolEle} SIAZ =2 AE-EH+= Thiosufates 7] Z
glolElR AAgste] A8 skt Zhou et al., 2013)
(Fig. 3).

Thiosulfate = Fe(Il)
A FY FER(1:1, 1:05)9 $I3 F=8] A9 12,13
A HAs AA Fso] 7743 ¥vhAO| ThiosulfateS
Fe(IDET AA] FUs A3 11004 Ao sls AA 528
< ARIF 5 ST 2y A3 119 HF AA 5&

?:] 11:1:1311:_

Fe(I®} Citrate =
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Fig. 3. Result of phenol decomposition according to Fe(II) and thiosulfate injection concentration ratio (a) phenol removal efficiency, (b)
two-compartment kinetic constant k;_ ky, ([PS]o =21.2 mM, [Fe(ID)]o = 10.6 mM, [Thiosulfate]o = 2.65~10.6 mM, [Phenol], = 1.06 mM,

Fe(Il): Thiosulfate = 1:0.25-1:1.
& AF 7-800 HIsf vt AA BEo] IHUG. HF
AA &gl gt 2pol= Hkgo] X&E o] Thiosulfate”}
et e S 2z WS Thiosulfate A%
Ha, g @3o] BAskaA s AA7E AldkEE
Aoz FohHETh (2] 23-24)(Riggs et al, 1967; Idnelli
et al., 1966).

$,0;7+80,” — S04-S,0: (23)

S04S,057 + $,05 — S,04 + S0,* (24)
&g o5 19, 22l AA £x2 RdEs Ak
& 3-b, Table 2), A3 12,139 1944 A& 9, 10
7} v £57F =22 0™ Citrate$t 5D 3H
Thiosulfate7} Fe(Il®} 2FgZ<l ZHE-8 Ao, Citrate
BT} Thiosulfate’} Fe(Il & dAdo] © A Lojut
Y3 F=2] ThiosulfateZ Citratedl] B3| Fe(lly} 2}
S AA 349 5 e Ao A 1o HiE) 2
Al AF 9, 109 thaA HlaE L k7 Bkl
QA=d], Thiosulfate”} Fe(lINE SAA7|HA Sxtec)z
Hkgo] 2&EE= Aoz AAETHWu et al, 2015)
Fe(I?} #3aF 4ol ThiosulfateS Z#o]E = A}
|3 A5, 19419} 294 7182 Citrate®} 53 &
YA Thiosulfate= Citrateol] HlE] O &S ==
Fe(ID)2} P21 2h=o] Ad=]o] H&it &/dste A3
3laL A%%%9] Thiosulfate= Fe(IINS TAAA Fe(ll)
o] ZH A wt, #&ak} Thiosulfate’} 22k Wk
$-3}o] ThiosulfateZ} AREHHA 2&A7} A4S A0t

Thiosulfate = Fe(Il) 4 vk-8 T4 PIAIE 4
A0 =7 Thiosulfate?} Fe(I)2] 2A3F 39 FLndl o)

g F7H]l A77E E8si.

33. 0= 2 E™E X2

EAE U] eIy 7Rk el st Rz F49
pHE A3 EHE 550 3l aA ¥skA &=
THKim et al, 2000). S/ pHOlA Fe(lly2 %
w=A A8l B8t 2A38kse AsAI 4= Sl
Ty B Ao Hda) 5YSHA Citrate = Fe(Il) 2
52 pHE FA A2AA Z7] pH7l 2302 A44o]
Homz A pHolM] Fe(ll) Akske] Adke #S A
oZ A=A

N} AFolA CitrateE TUHA e 2o HI3)
Citrate = Fe(ll) F=2 JsHhs S35 S7M71HA
2R FEe 100% AAES R1eH0). webA, o
A AAE viEe R HAHE WY Citrates T35
AY23E Citrate = Fe(Il) 222 o83 23Rt 24815
ST7MA 2H9E BHES AeslaA} st

O Ax, WA OEZA CitrateS FYUHA| e
Ag 150004 1A1ZE ol =S 100% AAE AL, Citrate
AT AF 15004 1A7F ool = oF 70% AlA
a1, 4XZE o]Fol 100% AAZAARE Z ARfe] e
HAE] A3 16014 A7 o] T = slse ¢713] Al
AR A EthFig. 4). FEZY 2499 HAHE WY
Citrate = Fe(Il) & FY2 29 &4 A &= 7

2A7IARE, HFHoE o4 HHws ] Age

d

+
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Fig. 4. Result of contaminated sediment treatment. (a) phenol removal efficiency, (b) persulfate consumption rate, (c) two-compartment
kinetic constant ki k,, [PS]o=21.24 mM, [Fe(I)]o=10.62 mM, [Citrate]o=5.31 mM, [Phenol],=1.062 mM, S/L = 1/5, Fe(Il): Chelators =

1:0.5.
U RIS 2efl HAEY JEAD BREY AA

a8 Aol 19A19A Y& =719k BAIRIe] Citrate =
Fe(ll) 2HEol] ofal #&Rito] /g At 2aAloA] &
2 EZEol vig) gAF 2717t Ao} sFHZF 0] W R
E U f71E2o] g E3x3o)(Table 1) f71E90 <
3 ZERto] &M og s} Ho] QLAERS AASH
= Aow wdE,

g 15, 169 ZF 124914 33.88h7, 2843 h' o2
A9 169 194 AA H57F o =3AN A3 159 1
Ao} F ZolE HolA] it Teu o]F A7 159
A 29A AA E£=7) 061 hleE AF 169 Bl
(022h7") oF 38 F7FSHHA AA &xrt o Wit
gk ANE Asike] AA B sl 154
A3 169 2 AT O ZARE 29 A AF 1S
oAl B B2 S ART) Houdt(Fig. 4-b).
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weba, 25 FYE Fe(l)?} Citrates &S 3
At S f71EY R AES FAsHEA
JA ez sl e we-S AsEAT, HAE #
7S Ak whgeHA ShleiezS AT B4
o FalEal o= dA el 7t A=l &Rl
Fe(Il) ®WHE-o] X]Z3ETh2] 25-30)(Yang et al., 2006;
Chien et al., 2016).

Chelator + Fe(IT) + Organic Matter = Chelator = Fe(Il) =
Organic Matter ZH&- (25)

Chelator = Fe(Il) = Organic Matter 2H& + S,04° —

SO, ~+ RH + Chelator = Fe(ll) Z& (26)

Chelator = Fe(ll) 25 + S,04>” — Fe(lll) + S,05" ~
27



Fe(I)oll ofal] 248 Aahrts o] 83t #ls & H24= 28] erdd 37} 85

SO, "+ RH — R (28)
R " $,08 — SO, - (29)

Chelator = Fe(Il) 2= + S,05> — Fe(ll) + S,05 -
(30)

a8y A9 149 ZF 9AGA 53.95h7, 2340 ®
A 15, 1600 Y8l =2 &5 et BBk ARTL
RIS 19AloA EHE f71EC] Fe(IDS}t s
FAdste] deloly JEs s s AA &8l
A Z7PslaL, o1F 29914 Fe(lll) LS Al £
71=9] Rt Agste) o8 wls AA7E ASHeE
A= Aoz AdET(Himes et al, 1957; Karlsson
et al.,, 2006, Liu et al., 2016).

299 = A7 AHE viEe R A2 8&0] 7FE
=2 AF 145 7SR EHSE(D.magna)s ©]831
Zelole 9 §lo] A F=9 Fe()9} H3Aiks o8-
sl FlE 29 EFES APt Faligt a5 Wit

TUt = 100/LCs¢(%) (31)

I Ay, AHg] A HHEL TU 592440014 3k ]
g 3 EFEY TUE 1701322 71.3%Y ZA4A7 &
&5 RISt TN Fe(IDE ol8ste] #&it &
3= 53l o9E FAHE Hoe UedEds &
aEo g HEH 0T Fajshrt o] FoAHA EF =
Y Fe(I)dh Z34F 3919 28240 RIS 1oy,
HAE e EYe 54 A AYui e ZA gt
A2 it FHES] Fe(I)@ HF 2848 ke &
27}

= o

4. &4 =

HeE=2 odE ERES Ash] f1a] A W Fedl)
2 ke Fdal] 27 F9) w2 H8s ARe,
B35 Fe(I)e] WH&A S 9138 Citrate =
ThiosulfateS FY3ld HA F9] & ¥l& 24 ¥ 7
i} Fe(I)yS o83 EAE A2 efd/ds 718kt
e 27004 Fe(llell &gt #eite] whe &3t +
e 19, E S 283 el og Ak =
A3} FES AR AAsle] RSk 1AF HE
1S o83l Zzte] BAIE 27 HA o= sljAs)
, 2dE) Aves HE AlA 885 & 1385 sloR

k. Fe(Dad3bike] 19419} 29419 &= 3

Y

j

S

J

2 o
o K

© oz HEt 7] Fxe HlEsidth. 53] 7t
T =& AA &8o] ERIE H3EFe(l)HE 50:10:1
P ke AlA ago] gl
H 5:10:1 =R 194 AAEGT vls) <F 158 S
ZRIAEE, 50:10: 15 %R12] 29 AALSEE 5:10:1 FE
Hle] 26| A AL Hls) 184 o) ST

Citrate®} ThiosulfateS ZH2}e] & Fe(ll):ZzolE 5=
A FEH] 1:0.5, 1:025HT 1EEE F A AA S5
= ZeolE 9 s=ol whlgshs Axr} SR1E9Th
Thiosulfates= Citrate 2t} Zdo|85o] H oL} CitrateX:
o} e wug w3k Fe(l)e] 27] whE-S Agket
<+ Atk AE=2] Thiosulfates Fe(I)} ¥kS-o] A|3ks]
HA et st AskE e s AlAY S 7t
ABZ | Fe(I)HT} AT FYEAT 100% =z A7
Fgo] 1 Citrates T2} S4sle] 7 Zg|olE]
2 A3t

299 HEA FHENA Fe(ll)3HAEe 1A)7F oW
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e delole 4 2EG ) 4] o AlA &=
7} E7VEIR B, Fe()23A1s o83l 29 EF
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