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The Accuracy and Precision Study of Hydrogen and Oxygen Isotope

Composition Using the Isotope Ratio Mass Spectrometer(IRMS)
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eI BASYEMHE

The isotope ratio mass spectrometer (IRMS) is an instrument that measures both of the
elemental contents and isotope ratios of hydrogen, oxygen, carbon, nitrogen and sulfur in
environmental samples at the same time, In this study, a recently introduced IRMS was used to
analyze produced certified reference materials(CRMs), which helped establish analysis conditions
of oxygen and hydrogen isotope ratios. It is important to ensure the reliability and present the
accuracy and precision prior to applying environmental samples. In this study, three
international standard materials such as VSMOW2, GISP and SLAP were employed. Among
them, GISP was used for the calibration as it represents the intermediate hydrogen and oxygen
isotope composition, while VSMOW?2 and SLAP were applied to find the two end-points of &
D and ¢ 'O values, respectively. In addition, the validation of accuracy and precision was
B;erformed with two CRMs indicating different isotope compositions, In analyzing 0 D and ¢

O wvalues, the single analysis of each showed higher accuracy and precision than the
simultaneous analysis of both during the calibration with GISP, The measured 0 *O values of
the two end-points were the same as the certified values of VSMOW (0 %) and SLAP (-55.5
%). However, the measured 0D values, which were found-7.68 % and-423.99 %,
respectively, did not reach the certified values of VSMOW (0 %) and SLAP (-428 %). It is
considered that the range (428 %) of hydrogen isotope ratios between the two international
standards is quite wider than the range (55.5 %, of oxygen isotope ratios. Nonetheless, the
gap between the two end-points was found to be narrowed from-0.57 %, of VSMOW to-420.87
% of SLAP after calibration with VSMOW once H;" factor correction was frequently performed
every 1~3 hours, The & 'O value of CRM certified as-19.64 %, fell within the certified value
+20 in the range over around 39.9 nA, but the 0 D value of CRM certified as-152.02 %, was
within the certified value *£4¢ In order to agree with the accepted values defined by
VSMOW and SLAP, the measured 0D values were switched over to the certified values
through linear regression. As a result of normalization, the calculated 6 D values of CRM fell
within the certified value £2¢ . In this study, the accuracy and precision of IRMS were
assessed using CRMs, thereby establishing optimal analysis conditions for tracing environmental
pollution sources.

Key words : Isotope ratio, 0 D value, 6 'O value, VSMOW, SLAP, GISP, Precision, Accuracy
Corresponding author : E-mail ; hjy6711@korea.kr, Tel : 032-560-8389

2013 $+=375sls] H7]F3 ¢ sgewndls] 325

ZHI



BatchAI310i4| EH431E! LY Biochare| ! EaHsY
(Adsorption Capacity of Phosphorus in Activated Biochar Obtained from
Pyrolysis of Pepper Stem in Batch Experiment)
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Atz akde] ga @ o]gEx Raka gith ole] LI FEEE Toln, RE}

A ot TIEY HES AT -’F U= FA & biocharg 7Wdslr] ffs] arsth
biochar®] ¢l &&5=HS FAlsFAY, A& AFR-H biochare %4_7]7]-0363 biochar #Zx]ol|lA &
d &= g AJZR 600C, 4AZFSFIA AlxE e, ZnCLE A3 F biochare] B8}l wpE
ol F&EAS vwstRY. 25 biochare] ¢ §2Hs#-& Freundlich @ Langmuir 52329
of o3 2=3}¥t}. 13U biochare] °1 TH5ES ZA}E Ad FA43)eLA] &L biochars &

Asgo] w9 wokrt EFA|WF 49388 biochare] 91 Hu FEHEL 13,717 mg kg (Langmuir
T2gEA)o g g =ko, Freundlich 52F2H2 % FARSE Aol dnt. oo AxE v|F
o] & uf, &Ad3}e 3130 biochar= ©eslal Aask F+22 42438 biochar A 27} 71 & AL
= 5

=
A5 Av J1ze] BHS dAAZe BEE F e Aow ek

Z=H|0{ : Biochar, Freundlich isotherm, Langmuir isotherm, PO4P

FAFK} A=H @ E-mail, jsheo@gnu.ac kr, Tel, +82-55-772-1963

Table. Freundlich ¥ Langmuir S2E2tA0| 2|5t T&L biochar? PO,~P E3s (K), E&AT
(1/n), ZltiE2ts (a) ¥ ZE&EM7| (b)

Freundlich adsorption isotherm Langmuir adsorption isotherm
K 1/n r a b r
Pepper stem 4.8150 0.2157 0.9092 13,717 0.0729 0.0729
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(Adsorption Characteristic of Phosphorus in Biochar Obtamed from
Pyrolysis of Tabaco Stem)
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Cgyete] deHl AuiE AL 2011d 7]FC 8 698,700hac]H, FAELS 1730788 YHH]E
ket v, g A=l e A s FAHER FHEEHY, 2o g 85T} v
w2 AAolnt, AAl FHUE Alshe Mo REE iRl a4 waste] B &gt
SHA|EE o] st W ELS 3::7—]'-/] ¢ CO, Hydrocarbon, NOx, SO,Z 213t th7]2. e dol &4

Be B Feol| mE {7k 7Ry, Ao o
Nt 55 of7|sit), olo] FHitje FREE Foli S 2]E biochar /EE 3 J2ATEA
71743 biochar A=A oA Al ¥ SR biochare] Q1 F2E54E ZARHT 71714 ¥
biochar Zz|o|A &S &= 2 AIZFE 600C, 4+4]7F0)loH, A|ZH biocharE ZnCLE A3t
A7k, A3t biocharg ©] 83} Freundlich % Langmuir 5-2&2H2 o] Z-83le] i)
biochar?] ¢l §&EAS ZARIYGE. &8t biochare] PO+P S22 7= Freundlich &%
Zhalol 285 @J_’Jr s (K2 2.38340|loH, F2A= (1/n)= 0.29330]0. HHldh
biochar®] POP F#HH d¥= Age A9 HFHs @2 9,216
mg kg'ol9e ™, POP ATAI] (b 0ASSIS, b ALY bichar AL
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Z=H|0{ : Biochar, Freundlich isotherm, Langmuir isotherm, PO4P

FAFK} A=H @ E-mail, jsheo@gnu.ac kr, Tel, +82-55-772-1963

Table, Freundlich & Langmuir S2&ZtAl0| o5t SEiL] biochar?| PO,~P &5 (K),E&ZE
(1/n), ZIiE3s (a) & ZEAMI| (b)
Freundlich adsorption isotherm Langmuir adsorption isotherm
K 1/n r a b r
Tabacco stem 2.3834 0.2933 0.9062 9,216 0.1085 0.1085
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(Evaluation of Groundwater Recharge at Mandae Stream Watershed due
to Climate Changes Using SWAT)
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HT o71F ARER <l &7 Fwol PEH A g Aol vt AA| Ak ol§
b 45% o] AFABtAL glom, FHEF o8 F Ak o8 g Ak FUlet
A EJST AA FHlM = Aetrd AstR &rFE 9 Askrd o3l o2 <l
g 217] sk Al 39 T3 2L uFs ZAPF WAL Qi) olHd EAlE s dstr] st
Azl tFEF H7PF TR EoloF shd, o]lE Hg 7|2AETE AR FEE] YA &2 dHolH,
gk A2 715dstel ok Alekr ek miste] B3k AT E AlFH R Fa o] o it f9
oA o] Asl stk HrE AHE] W= o7 71A] F2]olvh HSPF(Hydrological Simulation
Program-Fortran), MODFLOW (Modular Ground Water Model), SWAT(Soil and Water Assessment
Tool) B8 o] ARE & & o}, £ AFox = 99 22 U 5 79 T2 27t b
& SWAT 232 o|83ke] Ashe BFES Wk Seich, olF sAskel B ATolAE HehE £
of thel BAH SWAT 2P 7|$Hs} AUl AEE |83t Aty FFaFe] AxH4 - 33t
A W3 SAS FA8TE B3 715 EAIE (CCIC) oA Algdhs 7| TRl AIB Alye
Q5 A EA(Bias-correction)dt F vl 7]FHS}te] WE Agtg At
I FA gt A9, EY, EXol&SAA et Askr el ol & Akolrt e, 7]
St o3 Aol ek g W2 HIP) e ALE EAEHJAT. E
2l

W fole A5 B2 O A8l BE B 5 Qe Aos we

o

FHO] : A8k T, SWAT, 7|13}
FAHALRX HA=2ER| : E-mail, wlals217@naver,com; Tel, 033-241-6468
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(Surface Characteristics of Soybean and Sesame Straw Biochars by Drum
Biochar Apparatus)
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didte & HES A9d FAEEe 1 %%E7} “H—"r S %i = 1316} Fakeg A
5 g

S =
g 7hgste] dE £ (charcoa) 22 ‘H}o]Q g o7 Bgln, Eoke] z|dk
Aol o, ol B A= &% =5
A %i}% biochar Y1h& 913 712 ATFEA T3 I AuigTtelA 3ol Bt Frist
ANE FASe] =73 biochar AZAAA dEF)SIHSM, SEM (Scanning Electron
Micrograph), EDS (Energy Dispersive Spectroscopy), FT-IR (Fourier Transform Infrared
Spectrometer)S ©|-&3}e] A|ZH biochare] FW ## ARSI 2878 AL Alxd
biochar®] SEM &4 A% Fof ¥ MY 25 3¥ o3 7230, dARY AEAZ} 7t
AL Q= FE7E dF "I EHAL EFER Jov, frlEe] AE UrA RS2 s Y
AE #F & 71 . EDsE o]&3dte] T % HAY biochare] Al&3E™
o] Baet Aag FAH AN, ek AR T 7

on, A B9 47 4751 9 24.52%0130k. = I #
At biochare] K, Ca, Mg $t&Fe m|gko 2 EA3}Yc}. FT-IRS ©]-83}e] A =% biochare] &
718 BA8 Av A 2@ Fo BF FEHOZ 750 em oA C-H, 1,120 cm oA AHZE C-OH
stretching, 1,350 cm'o]A] C-NTZ7F e O™, 1460 cm ' o|A-CH,, 1,610 cm '3
carbonyl/carboxyl C=0, 1,680 cm o] ¥WFZ C=C ring stretching, 2,880 cm'olA] C-H7} YE}
Fom, 3400 cm'ellq O-H #8717 EAHACE oo ARy wge] 2 ul, Fule} I
biochar®] 3¢ AR o8 BEY =elAd /o Exxd Aor daEn, d44sgon
o]-&A Eoé.%é‘ T2l adAd Ao deEd

ZFH|0] : Biochar, EDS, FT-IR, SEM, =#3 biochar #|Z73|
FAFK} A=H @ E-mail, jsheo@gnu.ac kr, Tel, +82-55-772-1963
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(Evaluation of Purification Efficiency in Replacement Wetlands
Surrounding Yeongsan River for Treating Non-point Source Pollution)
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°] BOD, SS, T-N % T-Pe] &d& ARG, &A= BOD, SS, T-N % T-
zd 10, 8,97, 4.73 ¥ 0.32 mg L' oAtk A71¥ FAH3S 8.64~30.24 ton day”’ W
I, A7 FEREFL 5.18~22.62 ton day' Wlolith A7 BODS] R f%ol
X 4.26~598 mg L' W9o|al, FERNA 2.52~4.00 mg L' W olglen, 33~41%2] e
&g Brh sso g Aol AEglo]l FRolM 3.26~19.00 mg L' Hlollen, f&
oA 2.46~22.00 mg L' WIR-16~26%2] BeHYE Aeags Rk A7 TN g
< FYRAA 3.40~6.53mg L' W90l en], fEFME 2.11~4.13 mg L WolaL, 12~
51%2] APEES Bk T-Pe] e FdFelA 0.21~0.45 mg L' W90, FE3elA
Zb7} 0.22 mg~0.27 mg L' Welolglor 4~40%e] AHags Hrh 24279 diAlFA ]
BOD, SS, T-N B T-P9| Fi Ae]a&e Z42F 38%, 12%, 33% B 21%°] At

O

FHO] ¢ G, HAISA, R Hd, edEd, Hslas
FAFK}L HA=2H @ E-mail, chojs@sunchon.ac kr; Tel, 86-61-750-3297
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(State Indicator of Water Quality for Agricultural Surface Water and
Groundwater in Korea)
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National Academy of Agnoultural Science, RDA, Suwon, 441-707, Korea
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ZGangwon Agricultural Research and Extension Services, ChunCheon 200-150, Korea
3)Chungbuk Agricultural Research and Extension Services, Cheongweon 363-883, Korea
4)Chungnam Agricultural Research and Extension Services, Yessan 340-861, Korea
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53 A F (Agri-Environmental Indicators, AEIs)# F Qo] 340 n|x= F& 4o &Y
o vl JFL et 5 i Hokg WY AP V1% wek Y fEFHel oz
Q45 2 FHAEE FANSE 7 Y BF WskE dehd 5 9 Aol el
A B ATeie AR tE se) 394 2 244 JFE Wrie] dste 2007d%E

20119 Selubet 598 3%} A5k 2ol e WE 2AARE FEke] OBCD J1FH
e} Beles £A71Ee o 4 FUAEES WS OECD $4 YA Ee NFe
7} e8S FANENE 2R AVGT A FRE A% Ak 2 1SS ek

Z) A} ]

= vt S8 FE7IE2 AL A7 10 mg/Lel™ <l ik 7lEe jlvk vkt
%‘”%# ’“2‘71%% Bl BAA7IEH] ALRA7FE Veas wan At 4
2= o] VEAE A ke sk ZARAA H

AL A AEE 14.4~16.5%0] 3L

25, T Az A
ole] thet & AFejA B APt =gk f-2vket —’Féﬂ%‘fﬂl ofgt st £ AH
AFE pH 3.3~7.7%, DO 0.0~0.3%, BOD 0.4~1,1%, CODwm, 1.3~3.7%, T-P 3.0~4.7%, SS 0.0
~1.6%0| o™ A|5}5Ee] 3 FEAEE pH 2.4~7.2%, NOs-N 1,8~4.0%, Cl'0.0~0.3%, Cd
0.0%. As 0.0~0.8%, Pb 0.0% °|t}. &HE&F T2 JHARE A depd AAH 2 &
AA Hi e YT FEE @8 T FAE 5 ] 2ol Qe tigk 7]Eol
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Share of monitoring sites exceeding
threshold limits (%)

Share of monitoring sites exceeding

pH DO BOD CODMn T-P SS

Fig. Share of monitoring sites in agricultural Fig.
areas that exceed Korean agricultural

water threshold limits in surface water,
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(Analysis of Characteristics and Correlation Between TOC and COD, SS
Concentration in According to River Watershed)
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sk sAollM a3tk FREBOD)H 3L g FRH(COD)S HEA {718 29
AFEA GEHAT. 2y B a7t 23 dESAd edEES whdsy] o RS
7HAAL Qo] o5 Hekslr] ffsf AlEE BAo] rhsdtal, L d=de AemAd 2 G2 &
B4 JFo] AL FHVIFA(TOCZE A & S L vk, ol o]f=2 ToCE #7384
718 AP H(2013.1.1) 549 FEAG7EA TFHJYH. o]d & AFolMe= A= 5
& AFAE 4, G, 78, A FARGeE FEste] FR7IER(TOC) S| 57435 vetst
a1 skt e T RH(COD) ¥ FR=ASS)He] dadE E4st. FAd S Y 165
A A, FEddq 24678 AeA|, FFAS 18678 AA], Grdd 9874 AFA|o vtk

ZAR o™, ZAPIRES 2012 1d EF AE R F 43] 2ARFICE 2ARE-S COD, TOC, SS
olm, TOC #2412 GE InstrumentAte] SIEVERS 9005 o]&3te] 2o AT AGAIA7|F we} &
G

B9 TOCS CODE] F#AA 4 AIH(TOC/COD), 4AY 57.9%(AAAF R2=0.9602), %
73 S51.8%(BAAIF R2=0.9660), w7A 58.3%(AAAF R2=0.9510), FHFHA 58.3%
(AARAT R2=0.9562) 22 A BHE Ao & FddAE vehlie 22 A=A
o] &3l TOC7} CODSt 3 A F71& LAANER o7t S Felstiint. sso whe
TOCS} CODe| JHAAE 437 213l 3T 2256 mg/L)H FIEF
7129l R U5 mg/l)E VIEeR sEEE 73k U & A3, AR BE &

o

=
FOIN ARG R2-0.93 ol4Fe] AVIAIL Qe Acz vepdeh, Aeld ol glort ss

ojf

°
BNzl
>

ZHAA SS 15mg/L o]dollAl AAAG R2=0.82 7} @
£ TOC®} CODY| FAAA7) 2 TAZE Y& 49 9 99 4 A9) 4 A9e
2 B

TOCE #71%& 2ksts Bd S Ee FE(TO) O tal] CO2, HCO3-, CO32-5 FH7|&A(1C)
o] F& zpol2 SAHHETHTC=TOCHIC). T F2o=2 3] FJ3rl BAst= 52 (7,89)9
TOCS} F-71€han]&(1C/TO) ol sl 241§ 23, s TOC 3.37 mg/L, F-7]&4H]E&(IC/TC)
42.8%, F&7AY TOC 3.92 mg/L, F7]&2H]E&(IC/TC) 30.1%, 5748 TOC 3.63 mg/L, F7]
EF 21 S (IC/TC) 39.9%, FAHEA S TOC 3.73 mg/L, F71€kAH]&IC/TC) 32.1%% FAEJT),
FrAAolA FIIEARMEAC/TC)o] 7 HHAl ZAMEY, & AYe HlE] AjFo=
Organic Carbon®] 80| Inorganic Carbon $FeFR T} &7 YepdS &elst 4= it}
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Table 1. The relation between TOC and IC-TC ratio in according to River Watershed

i Ri Y Ri
Han River Nakdong River Geum River Watershed eongsan River
Watershed Watershed Watershed
COD TOC COD TOC COD TOC COD TOC
IC/TC IC/TC IC/TC IC/TC
(mg/L) | (mg/L) (mg/L) | (mg/L) (mg/L) | (mg/L) (mg/L) | (mg/L)
5.8 3.37 | 42.8% | 6.2 3.92 | 36.1% | 6.3 3.63 | 39.9% | 0.1 3.73 | 32.1%

TOCOl| tigk COD, Ssefe] AJaadA B4 Aa7e}, 4173 FAIA G
3 A9 A9 FEH VxAeR &8 stssteld Als

FH0] : FF71EAR(TOC), 38HE A @ FFHCOD), F-REA(SS), TRHA(TC), FF71e2(TIC)
FAAKX}L HA=2bR : E-mail, hana84@ekr, or kr; Tel, 82-031-400-1622
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(Irrigation Water Qualities of River Watershed in Jeolabuk-Do Ares)
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FYEFE AF AGHE TS Gol BAAE AR Bastne W T SNES 4
AR e FUET) s AT AVl LduA 2 FRE dol B Faslor @k
o5 Aol ATrole] egHsl olu] eqlH Fde BTE slate] AT - PATA - A
A 5o BUS| S glom, WATH $ARAL Siste] TAZte] Yool AAyH L grh
shlgE A1 2A0 9T W A3 B3 olFol FARR Wabt A vehls A9t
wor), pent e Ade te WEss 4] o] AT FHES A5 ARME A
Aol P E : -

g
B} Fg3it oA, B FAxAE dgEEY A B9ed

AREEAL e T8 s (X, vHAA, w7, AR Al 31x3E AAse] 20121 4, 7,
1099 #2248 AEE AF8ke] pH, BOD, T5& 5 274%& FHAsI NI HeR &

A st deh. w8 s 311l gk £4123 pH 7.7, EC 0.19 dS/m, BOD 3.6 CODwy, 3.8,
T-N 2.85, T-P 0.07, SS 9.24, Ca 17.63, K 4.26, Mg 4.12 mg/LZ ¢85 FHEAIAN=1V &
el et FHAAES FASIL e AeR A HAY FEE AJE2 Fe 0.471, Zn 0.030,
Cd 0.004, Cr 0,002, Pb 0,014, Al 0.418, Cu 0.006, Mn 0.578, Ni 0.192 mg/LE 3}z +23%
73 7IEoletE SEE ShAe Zoem A HIY. sk AR Y] w8 FEVIE 29
2 BOD 2A13(Z2%& 6.5%), CODwn 2A1F(ZHE 6.5%), T-P 0AF ot ZAMAZEE= 4
4o FHENAY st =2 AFE HEleH, 0%, WY T FAEEE Z Aol Hol
A okttt AEA A F9 sh] ZAAAE FELe AR wP8S FAVTWVER) Ol Aye 4
AR FABIAL loH, thddaS A2l pH, BOD, SS, DO, T 554w &84 74 7]

T(5) olste] FASES fFAehs Aoz E4=HIUH.

FHO - FdE, s, A

F X} A=bx : kimk@korea kr, 063-290-6191

Table, 1 Quality of agricultural water in Jeollabuk—do river

EC DO BOD CODyw, NHs&N  T-N T-P SS Ca K Mg Na

Month H

om PR (ds/m) (mg/L)

Apr. 7.6 020 86 40 36 08 318 005 1180 18.94 518 508 17.54
Jul. 77 020 64 42 42 094 326 008 808 17.90 438 4.00 9.35

Oct 7.9 0.18 7.6 25 3.6 0.62 2,10 0.07 7.83 16,06 3.23 3.29 12.35
Ave, 7.7 019 75 36 3.8 0.80 285 0.07 9.24 17.63 426 4.12 13.08
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(Effect of Plant Distribution and Wetland Type on Nutrient Removal in
Juam Lake Eco-Wetland)
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(Purification of Rural Non-Point Source Pollution Using Sedimentation
Basin During Rainfall)
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FEAGANN A FEEHE LHELS Aol AFAR %%%Al?lﬂ H ste QlFFA e} A

A Fol AAEHI Yot JAFHFAE F=2 FAFAI 30 mm/d oste] A FrEFE AL,
stsl7] aiME Be FA7F Hes } | W&ol 30 mm/d=

ZHeh= fRFEel s AN Aslete] AFAR FUATI= Alo] YRbdolth, 2 AT
Al 2 A e FHEAsE &S A8 40}04 T2 24 SEATFA YT A
o2 2011~2012\d Afolo] ZALE AA|EHAT
U T2 YTV He 189 ToliL FEFE 21.6 TEA thi o, ol
3 AEo] AhekA] kol 7)o mEEo] Q1Y) wiiteltt pHE Yot FEUF A4 H
T 7.7, 8.0, ECE Z4Z} 3t 266.5 #S/cm, 233.5 #S/cm, DO Z+Z} 6.4 mg/L, 7.8 mg/LEX
et =7 Atolol & Afol7h gUATh. ss= {7 B 161.7 mg/LlH], FEFE 39.5
mg/LE ozt BOD2F CODE Z+7}F 10.0 mg/Lol|A] 4.2 mg/L, 29.7 mg/Lo|lA] 12,9 mg/LE @
obAtE TN FYU47) 8.8 mg/L¥dl &5 3.0 mg/LE Yol TPE Fd59 §557
7Yz} 1,92 mg/L, 0.43 mg/LE2X] § °‘T°ﬂ H|&l fEgola] SolAe AEe Bt oo} Zo] B
T o] Aol AN FET) HolAl= BEFE HA

Falgs o]l&sh 3 FEAS R S-S Sso A FY Fobdol Her 289.5 kg-SS/dSH],

= 2

F% PHFE BT 57.4 kg SYAR ok 80.2 %9 ¥ HAEEE BT WA AFALS
FHA 5 mel shel A4 eARAE APAINE DBA Aol FAHD Y= AL
% 4 gle.

BODS] A$= 89 2 &= Raldo] zhz} i 23.4 kg-BOD/d, 5.7 kg-BOD/do]il, CODS
9= Z7F it 62.4 kg-COD/d, 19.5 kg-COD/dZM 9] FalaFel val] % F3lido] wolA
BOD+ 75.4 %, COD+= 68,8 %e] #2 Asta&S Btk ol9f Zo] fY v=7t ZokAlE A%
Al ZAZEA A 18R Bol AstH e A
9 B3leFo] Hit 14.5 kg-TN/ASlH], 2

< B TpPe] Be+ H 4.2 kg- TP/d (RS
o] 83.5 %9 2 AHstE &S Bt
AAAE A9A MAHLAEADS Alels 75l derng ApA B 24

rUEZ

Hit 4.6 kg TN/AZ ol 681
I, Bt 0.7 kg-TP/d7} =

)

FHlo] @ A=A, JAFA, =, Tk, Fstas
FO X} A=A : E-mail, iamwater@ekr,or kr; Tel, 031-400-1828
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(Analysis of Agricultural Water Monitoring Re suIts on 2012)
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AHEIR= AAle] A3 okt S EdE] A Y, AN VRAEE E8EHA vk

2012 BE A7V7HE, A5 o, 3 HF ?_@*o‘%'r T oP371%TL NI AHA sHEF
#27)Eel 34 FAVE Vea(EHET Ve 293 A2 16. 7%= AddiH] 2.9%7F S7F
FAAGL thdF FHEA o] FT COD

A

2

rU

o FHit CODFEE 5.6 mg/lE ZAMEAT. A 9d
7.4 mg/l, Vea ZIAEe] 34 9% 7P =tk wbded o] 7 $2 A9 AdA R
it COD 3.7 mg/l2 AT A 34 Ve e FAAY0] 21.2%% 71

% &l
Eokon 317.6%), FEF17.400w o2 ekttt A9 Hit cobe B4AY 6.4 mg/l, G
A 5.8 mg/l, SE5AAAe] 5. Tmg/lE FJES HeE
ZANZE FAATL 287](E~69)7F 7S Yo 9491 |7t
& 71 o2 dAdHEng 1871(1~39)d F-o| 7P S5}
.

T usen Az 3 Re St
< g2, R 299 YT T4, °P7§ T 59 dFgFow eyt SAYAE] F2 oY
e Ex]ﬁ](44 4%), A (27.6%), 22HA(27.5)&0 2 vebgth F2 10d7F odgd #Es=
H A el EXAV} A&EH o7 ZUstal AV} Faste FAS Holal o] s&HHeY
4 dEe dae] FUHL Ut FH, 34 VEF 2IAE A, Fodde M

(49.3%)9} LA (38.4%) = e Bt H=23] HoAd w7t Alash AA ol
A Y G FHE RV Vollenweider ¥l sh=m8 FJUSIAF(TSko) ol et w73HSIT
R.V Vollenweider H'H-& 0] 83 549 Ut
Hlodeko] 4.1%= YERYTH TSIko o 3+ ¢
HZ 1097 59E X%TXH L= T
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