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ABSTRACT

I. Title

A study on the assessment technique of marine environment
- Chemistry

II. Significance and Objectives

During the last two decades, industrialization and urbanization
have been taking place very rapidly in Korea, accompanied by an
alarming increase in deterioration of quality of coastal waters,
especially near large cities and the near-sea industrial complexes. We
are now seeking for the better quality of 1life and amenity of the
environment. Environmental degradation damaging coastal fisheries
recently became a public concern because of reduced yield and harmful
substances contained in marine organisms.

The accomplishment of our objective in protecting the
environment requires a reliable assessment of the present condition and
a determination of the effectiveness of corrective measures. Decisions
which must be made on the need for pollution abatement and the most
efficient means of achieving environmental quality depend upon the
availability of sound data. Reference methods for the measurement of
the presence and concentration of substances hazardous to human health
are essential to satisfactory decision-making.

This study was conducted as an attempt to address above issues
and to provide a mechanism for optimizing and updating methodologies
used in the assessment of marine environment.

III. Scopes and Contents

Manuals of seawater analysis and wastewater analysis applied in
different countries were reviewed so as to optimize our analytical
condition for marine pollutants. Emphasis was paid to the problems
occurring when anlytical techniques for freshwater and wastewater are
employed for the analysis of seawater. Sampling strategies in marine
environment, preservation and pretreatment of samples, and various
sources of interferences were discussed. In addition, newly published
methodologies and some parameters beyond our consideration were
examined.

—5—



IV. Results and Discussion

It is noted that the method should measure the desired property or
constituent with precision, accuracy and specificity sufficient to meet
the data needs of society, in the presence of the interfering materials
encountered in the marine environment.

Efforts should be done to minimize the interferences when-
determining dissolved oxygen in polluted seawater. Automatic titration
with spectrophotometric end point determination and recently developped
DO probe are suggested for additional reference methods. More reliable
suspended solids data may be obtained by carefull selection of filter
papers and filtering conditions. Use of sensitive method together with
precautions in sample preservation would provide better condition for
acquiring accurate nutrient data.

Analysis of organic pollutants necessitates highly skilled
techniques and, in this point of view, intercomparison of methods and
frquent intercalibration exercises are needed for this parameter.
Sampling and analysis of trace metals must be performed in clean
condition for the prevention of contamination from the atmosphere and
glassware. Instrumental methods should be added in preference to
manual procedures .because of the improved speed, accuracy and
precision.

) When chemical oxygen demand is employed for the purpose of
assessing the state of marine pollution , precautions are to be made
not to include the phytoplankton cells exponentially grown.
Appropriate procedures for the analysis of phytoplankton pigment for
each environemnt can be drawn considering the choice of extracting
solvent, filter paper, acidification technique and methods of
pretreatment and preservation of samples.
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A2 &} FAlo At 3 9. /AR AA= FHAIE
Aze] =717 1 pmA At 24 7 et Hfdol @Eo] 0.45met
alxdt a#dE dod. a2iz AR 0.45 o)A 0.1 pm 7R Abolof] £E st
JAEL WA ot LEAI HR g=tl.

qFAT4LY nIARAAE FAFARAAEC] dEAE R=
7o nas) nHLEE d4E Hd

AFANAE FEAE] A7t FBAFOl 4B ol AEH
ol EJtRVolE, EZgMoiE=9 g2 "o FHAZ F9E2
BERCRE W Eo] oA Fo H|F LA Fo] dF I} Ao HF= o
At FE4E] A7 Wi FREAY AN FFoly TFEHY 4
wo] Ap-gdrt.

BHEA E44] FRIALS AAAE AF3 LgFo] 4
AAENES gjofgict= Aol AEFEFIAE F2XAAE TF
ALgstE Aol Foh. ey ABAEZTIEC WS XM= A=E7}
AHEqte] zol2 #Ise] eAE BUS vk, wbd Strickland and
Parsons (1972) & ol8|3t a7 FA18 AEd 2 3.

AFRFE AXE AzR¥udgE 22AZRE Hst:= FLU @wey
AFNOR(1972) <} APHA-AWWC-WPCF (1980) dlAl+= 105== 3t=%F HRF3}2
9)51 Strickland and Parsons(1972) -+ 70 oA 1 A|7tolw JFEsittx

S 9

FU AT FeldFoA9 AHgS A AARF 105 -110 =oA 2
At AzA1A RS A8t Yo

oAl e x Fo] o AL sildl Banse et al.(1963) 2 0.7
HE dx %A oAxsx== @Astx 9o, Strickland and Parsons(1972)
£ 4oy #HE 150-350 pm AAAMFES dstn gled ol w 2UAES
A-7] sl



seuete xR RAE £ /718 A
9ich.

drded 828 Fr99de oA BelR e &
e Ao e aEPtefol whel dald, olad, ¢RUEL F&
&4 itk YEUoMAL: o] pH oAl AERVZ(NHe) o] M ¥
F3ith. dAtE2 siFe o oA HPOs2- L} POs3- o eyt %z
%, 10 FHANEEF =¥

Zsku w47 SEEHE g A9 ol &2 dUd
7t UEhPIE SRRt olold 23T WolAE 1 sx: AF
4 mol/l EE 1 1710 BF=xol oEZS$Y wxm BEe AEHZ
AT FAo] U thEolE mif HEI} Yot B4 3A oA H
th.

FPANRE AFY ol AT Fol7t Besto Ay
"ol Folrhh AlmAa Aol J=s dlof k. dem A
H47h UrHeRat doigaels Alestoiop g,

AlEge B2, 99 TRl met chEch Fakdy
B¢ fEEE AE¥E mslop ¥tk dakde] Z$ Murphy and
Riley(1956) ol &t Ezlodd Al2¥e A8E Z¢ dxdY &
7 243 4%t 31l oL} Aminot and Kerouel (1979)o] 215}
ARE 20 £ BT BF F /Yol AUE sxel U} veh
A Sderia Aok Aakgs) opdargde] Bf ARE FHWEIL 20
ZollA HIY Fe IeUIPE ARIFsUR LR Lrlylth

AEHZ ghiel] €& e F7o] Hedsiy F3Io] P
FEE ZE& 283l EolAUEE & H2 3= ol Frh
AeRE FFFE o AT gakg AMgsie] Hde dWeRg:
=3 EE A A3No dl=t] Stefansson and Olafsson(1970)2 E3] Jared

re
am
H
M
ax
Hi
2
2
P,l'.
kl



o] A9l oeigl 34xol Wasicin AFeIT Atk EY kel Ae
AeFe) QuEst AEge) JEZ] 2hgol glojob Ych,

AutAel njHgd HhHolAs 500m] B 4712 POk B4
oLt ARE Holn ] PWHEAIIE U sxHItE w93
4712] clEHo] A|RE BARI= Zo] Fxl

URLoLe] FRolle AEE HEHS Q7] uhEol Relgel ¥
Hl2  A|g stk o] Fon Fo B BAE sl BHEHSs
Qg ojm riglalde]l R/1EE MYTRIZE Yxbo] FHHE E3ke
BA"g Axo|tl(Grasshoff et al., 1983).

SE

$E4BU3 Qa1 2AL A FELS 0.45 w o[t
Azte] Wade wA ARel YEit £ 2% FPol nAE QUL
Fstolol 3b7] wiEolm A4ade] FSols Uiel FAYe] ol AN
& §&4 Quddos R Relspl 9iste ol Aol Wastch

Tt o]ZpBelM AR oy YUY = ZAE T
24 glti(Marvin et al., 1972). o] oz|g RE ofokdlo] 22F]
Ao} Wele 829 aidel o<l FAHE 297t Ak

X

rr

el A o3y Ede vl BEn 9len E¥EY)
5L o Uit A= 918 20 - 50 Ex 200 un BE]
[}

[e]
X L

(]
}
prefiltraton & 3}7|% %ic}.

398 FYARIO R FAIEEY A FeldFoARlE AMSSHA]
olo} &t AAIA2] 732 cellulose nitrate o2& AME-5[x] Wolop
gl aE3 o= nje] 250 ol AT R4S AHRYR Zolrh

A7t EFHE 2E 7] s 2/3 719 ol Aol o
Ash= Zo] vyt sio A Fol] o2yt x| 9L Alge] s
A dAE BLES AA 3P M du2elE Bk
4000¥]1/22% 5 - 10 & F= dAEE AAY 5 ot

W4, J19e A o4z gRUeky A Edel AP

25 4 e ole o9 FHol nlel dRUeE FAYUS g7

o},



ARRE U ABE 14el Baske o] 240} FlE}

ool BAYE 9908 AA T 4+ oJ wR slwd sth w
S-S AP Yol wel 2 FFHOoE A4S JowME T
& 28 WS gl JArEe] B8 dlEEW Murphy and Riley
(1956) ¢}  Gilmartin(1967) & AREREL 93 Z2E=XEL 718
e HABlT 9o} Jones(1963), Fitzerald and Faust(1967),
Thayer(1970) 5&  oZHIIGE AZel tIE oleitt W77} Qe
€ 371 AlZitia B3 odch

g2 acidification)= BIRAISIA] R3] ol Eeln AEly
#el Al717] wiZelch. wiE FAEEANE dsiMeE AEe=E 3t
o] A3Aolr} (Mullin and Riley, 1955) .

0r re
¥ fljo

@ B AMEEE Fh=E Aol Yol
£ 771 wEo| A8 &k ziol Frkn Yeld th (Grasshoff,

ZPRIRISEE Bl dYdAlRY BRELS -20E oM -30=
A2 F& B2 AF]= Zolrl, Aminot and Kerouel, 1979, 1980 o
o3l o]yt REL Fo A% AuHAI} e HHA Few 1}
E}yic). Proctor(1962), McDonald and Mclaughlin(1982)% A|&
€ AF FHYEH= Aol £rix g

g:ujote] 79, Marvin and Proctor(1965)8] ofg]dF
¥EE Hsta gleu A¥As dRuoly EEEMHE P
o2 LEPLICHONEXO, 1983).

 r

>}

BEH AEE T 5Y BF 27 F2 Alge] "asic

- el TAle AEY YR
- HeEel Wolx W 2Bol %Y A

- RS AL Woln Pl ol WA UEH YR
- ARE HESe 2 AL

- 247 AEe eRE 15 ®rp AR



1. WAk, opuard Qatd
2. QE 27% olAuiel Fard
3. FAF| @GR 27 3
4, 1)1 @Ho] ofF W& A

ol WEA BHH Fudel Benzt B 2 Jlvkels Aol
Ho"ed 79 oldt e AN gom 10 - 20 HUEEE 4
N
=

mird 2XAlele BEHSo] gEUol, dirE EMol 8%

& Fo gRUol] A wlE 3 WelMe IYsich Koroleff
(1983)  F7IRAI7F Hdo] ohjeld HA] FAE AJl= Aol Frin
Stedct

Aae) 3 ol ol S RuIole} Wakle] F3heh
olch. QoA 2EEE 0.1 umol/l o3I ol el @etsigolA
=0.5- 1 mmol/1 & REo|tl sFFdolr] L2ArA7 2AH A
SrolMe Aakdel o]l dofu} opHatdel wEIF Sumol/l old&
LEhf7le gl

obditde] EMWHEL  Griess & WS ol §
23t Bendschneider and Robinson (1952)2] W& 7|22 e B ubdo]

UE Folch

oAt FAMollA  HHIgart WHE Erie ¢ (Timmer-Ten
Hoor, 1974)7} <lt}.  Grasshoff(1969) = 3l4Avl Q= HHA
i Ak, oldalgdo] girlwfEol ZHEWest gickz  staoy
2" sfFol M RAtARToA  o]Eo] Zo] UEllEs HEE glo] S
7} 2 umol/1 o)’dolld = EA4doll A7t Qlvia B As|z} glch



23 53] FAATZEOE opHilde] L FoT EAUA]
olg BA37] flE ol dye & ol 2BFAE FTHA FF
&}od &A%45 9ltHWada and Hattorj, 1971). Grasshoff et al.
(1983)  olHAIEe] =71 3 umol/1 o]FdAl vle] A7 Zlo] Fri
3 3ch

i
¢

At el 7HFES] 2ol&= :‘i'—’ﬁ"’o“ﬂ% AE Jt=F-+2 F
dg F3AH oo T T Zolt} (Wood et al,,
1967). o] WrHE eIy fE A4 él* d& THAIle WY
= 3¢ E]“C} (Gardner et al., 1976).

—{dﬂ
.Jl)l'
ol
ﬂF

Eax Ade] HANE JVATE Nydahl(1976)9) oA o
27b glem i od colume] UABUAFS pH of uwet B s
pi 8 oldoldi QATTIL selth webd pi 8 of 7k e
AHgg W glom BNXUEN o Wol S8z uck.

HELSINKI Commission(1988) ollA= 1977 W S  Zor Y
Baltic Intercalibration Workshop (BIW) oAl ZaAY EAulH.o ARR3}
3L 9lth

Salt effect £ 7} &3] UEeh}= weldzidl ol& )%t

71918 wiEAY, E"“‘: Al FRTU] EEE AR
sh=Zlo]l  Haesich =S EPA(1984)= Aatd S AFHEEAIFI= brucine

sulfate ¥, hydrazine sulfate & #F olAxEEZA  JI&RE-
T2 BUF olAMIEZHUTES TEYULSE Y3t Qlct '



YEUsl 29 A%4 ot AMsel A Ushtd o
toh el 23] Zol 1000 nlele] 4 A4sted o] F YRl BHg
J¥  2YIZ AWIE A olF EEEUL VET A= BT
DY Faagel okl YISE B Hed 28100 moll 7
ol2- ZAL% glt} (Koroleff, 1976).

UL o] FMofl= thdat ZE Berthelot Hh-go] de] 241
th.

2CeHs0- + NHg + 3C10- = 0==CeHsq-N==N-CgHs0- + 2H20 + HO- + 3Cl-

HA otRLjol= oFds|AolA hypochlorite®}  ¥hg 3o
monochloramine & gYHET} o] o] hypochlorite 3dlollA] Hj&m2}t ¥hg
3t indophenol blue & A3l ©o]& 630 nm oA ZHEE A3},

Koroleff off 2]std oYy 22 0.05 - 100 umol/1 7]#] EM U4
otiz s} Adle 40 -50 umol/l HA] olm ol woje] Yo
olojatollAl  HLHS gl7] wiBolrh. uwleld &L =l Uil e
M= Zlo]  F2d o] B¢ d8e AE & 47 sjoRich

2]oll = Solorzano(1969) 2] phenol hypochlorite ¥ = 1}—’1‘-
ol w2] 79 Weatherburn(1967) Zadorojny et al. (1973) & ¥}
gol et

Pﬂlﬁ

&7l4dollA hypochlorite 2 AMIAIA olAMNEE EH3l:=
8o Richards and  Kletch(1961)ol] 7]%&}d  Truesdale(1971),
Matsunaga and Nishimura(1974)e]l 2J3 sl =] o] EPA(1984)
ME EFWHY SR A-E2 Qdth

dRUot] F4of glojMe AL A XEY 5 Fujg &
20| 7%t URUCLE nml2|Xystx| ohjdt Eo| B3ty
1= NESFrEdE U= FF dE AX Eeo] Haasich
olA AFUTE ololl= 4 1,000 ne) 5H-r7} AHEE7IE St 2ol
%E O %.% n]—.‘éz_.e;.: ol__E ul

e i W2 AEFEC] &3 Halrl

bt
flo

=

o]

X
s

flr e



gdRLole] Aol &3] salt effect 7} EAE &l EE
NEEE £/ s+ vlastd  s4F: 2t Z4Ske
o4 ol mlaylE o], e WYY uEoln d¥H
A3 J|4ede] A9 olof T3t BAo] Wit

ot sy 12
S o o
hil o
> 1
o,
a

Indophenol & Berthelot ¥FgollA] BAEE= -Fd3t E3lo] oh]g}
@e WHEIZ QA Brh ol indophenol & FATLLETA HATLS
St} (Moreno et al., 1986).

ati]ole] Eaiulyloll= oA AFTAR  Holx A7t
eltl.  NADH, NADPH & o]8% 4 JF3YL2 FHFF=AZ esiy %
s|EE A3 5T} Bol AHR3l= ol &3l QltHFrancois and Slawyk,
1979). Ion Selective Electrode® A}% dH= wWhrH2 Thomas and
Booth(1973) off o8} AM&EdEn] el 7 umol/1 o] Lexe] Y
o] ARZEY Folt}, ol EFAX|I} whest HROAML] AHLo] 2
3ty e BAMubHe JjHSE ol ALY UA HAUTE (Merks,
1975). 2jolx o] AN AZnlETe}T AR (Mizobuchi et al., 1984)

5w el gtk

I A dsswde JlEozsin wmaEn
dhg WEA AT ol oish 53| Fo Vg Wstnglch

o

Y

(921
rO
r>'
1)

AL 3ol F2% dIPoT FIpgel we kel glo|
€% Fc}l. E3H f8AL  alkali phosphates £+ colloidal calcium
phosphate & E¥8lct,  F7]¢l2 (ortho) phosphoric acid H3P0s 2] ©o]-&
FERZ P0s3- 2 10% 7} o[yefoln Umz] 90 HANELE HPos o] 3
efolt}.  condensed phosphoric acid (H4p207) \} P-0-P AL 713
polyphosphoric acids& Hgolle gloLl dadsigols Mo 2lgoz
E3] EX3i]. Q2] zZ+%  elof thsir= Strickland and Parsons
(1972) of 2pMI3] Z1&=Ele] 2k Qliabde] EMwiwie oy AbsE
=T BHolE 2} <¢latgdo] BEg3dle] phosphomolybdate complex & WS
ojZlo] Ffisle] FAME HE IYEER HE AL o] &3]



zJ)ol= BYUAR SnCly 7 AHEEIgev HPYEol 2=
W 35l=52] thado] 9glo] ascorbic acid - antimony Ho] o] ALMEE|:

4=, ©eeo] JardEMolM ZiFgle] AMEEE RS Murphy
and Riley (1962)¢8] whHoltt.  Fuje] ZAe¢ dsAdFHoT A
A 690 nn oM FTHEE FSHse WHS AYUNAHE d2 R
FH3= &3 729 L4172 10 -124|7) 3t glch

Ascorbic acid & 3QAZ AFYu]e] AL blue
phosphomolybdic ~ complex 7} 4|7t F¢t HEE® GRo] whep I
& Bx] dethe Fojth. Ak, HlATo] B2 RO WIAENE
Fu ZEAE gkl skl (Grashoff et al., 1983) AEGEHIEL] i
Al o]F it =rl YeulEe EA7T "Hthal gttHJohnson, 1971).

Birde Aol Firad o] AAZS wA UE}
Yt} Molybdate 71 ol2jdt o ZhsjA] ERol= Aefe] o]
A= RAg #r). Grasshoff et al.(1983) & ojgjdt At F3lea
o] BT 2uml/1 ol3lolld= HA Ueht FA7F ¢lria gk

6. % o

7152 A3H QS BA3}7] 218) A= wet acid digestion (
738t AbstA] A& ) 3} Strong W(  C-0-P B=& 747]  ¢ls) & F7iA
-]

Vet acid digestion & £22] =2ME3}7} oj#t}, U-Digestor
oA AP B A 8= Adarde] Zeo Po] A%t

n]= EPA of|A]= Block DigestorZ Ap23}e] 3xb K2S04, HgS04
SloflA  digestion A]Z] ©]|F Technicon Autoanalyzer AA II off <Qlatade
3ot ol Bl WHE Avfsta glch

Strickland and Parsons(1972) = perchloric acid ‘-&,
(=]

Grasshoff et al.(1983) 2 peroxodisulphate 3} alkaline persulphate
ushg  AsiaL Qo



" APHA-AWWC-WPCF(1989) ollM+= ol&lol® Sulfuric acid -nitric
acid digestion ( H2S04, HNO3, Phenolphthalein indicator)E A7|5}5L
O]c}

AA .

S AMells BASY, AWAIEE 02 Avelold 7
@stel ENTlE WEe Wskn Qck

FALFl WHH  JIFdoME U 4ol 27} r),
ol At} A FHelM vIRE o Aalkst APaatoz Halsio
8148 4= glt} (Ichinose et al,, 1984)

A5 A F$F%
sls SEES FEZ At FELRIE do 4] oy,
EY FFE2 A8 HHAA oY APzFFo 44 290] 7] &
T4 AAE Fo7t A3t

HA Alug AHFRAMAE F50] &R 4L A5EE A}E3oo}
st sjgAF o] FAY Fe7t gon HFF A5 FAL Yoy
487t gloBg ARyl FFEEY AHE AE HAVOR Foly] I3
A 7IR] S HFPPEol A=Y

Puget Sound F&ZAtoA+= (EPA, 1982) F345L Zeld gy o
Aasted 111 Aol 1:1 AAez AFI==E Psn gon
FTAFAZEC TR/ ARAGL F35 29 EAV 9goermz AgHo
A Yol 28-3R Aol Foa Fok,  EF BEHAGARE oz}
AR 7ME AlRE A stojof Auo= MAre M9 clean bench &
Abg3t ti7|5 o2 RE Ao U FFE5 AL JA shojol sy,

RE 59 F53FYU A8 BE WP k. Grasshoff et
al.(1983) & Zn, Cd, Cu, Co, Ni, Fe, Mn 59 Z$ B& pH & 1.5 - 2.0
(Aol Ao 3td 2¥7tA] BEHd s g, BE ok BEL7]9
Ad9e] ZHYE Fold. E3 njPE TS AA 7] J§ A=2ES

dE5A71= U E AMgEd,

T4 B4 oA A8 dF9gE FToloz AP

2934 AP S EF dd. AFTNA ZEAg AFo] FHAB Yol
> o A1g3tE AAL7IE Aol @} (Grasshoff et al.,
Ea 719 AAL2 €HEE, Zdqud, Zzzge,

S A% AlsREdE 49, FoldA {3 Kot
2= 23 ol wjio] Fjgax g



ESAHE AFAZYFRNA "L oAJdAE  mHol R FAH
@49l Fd. ol EFH2HAEE FYWE AFAI7] 93 A4}
EoUE A7t "ol FF4 EHA wgsd Az H2AARE
7tHe7|= 38t7] wiolth, Grasshoff et al.(1983) oA A=
€719 AFAZE AA] dFf1 Y. AYE FISRE4L g =2
TRe°l 838, =} TR EnA3H |71A%Y BASE AT
FOlE 7]1&0ok k.,  AHAFE o5 FF459 A8 HFAl Clean
room condition ¢]u} Controlled Atmosphere 5] Q7= 9t}

A8E At ABE FFTY A s Xz A=A
FE7t Eol=e g8el#d. QUYFddAE Zn, Cd, Cu, Ni =9
HAAREo]l 5 BAE njulo] BEo|xut Ags S R{ERo] gol
Alg REF £, 9do 93 sxH3E gogd AxE sof 3o,
oAZA] t7jo] 93 QS wow pressure filtration o2 ZalA¥E
AZR7|FE  AMEslof dn AL JIAE AEsE R|29 HAHYI)
A= fElsgt. 23U vacuum filtration ©] E71918 AL clean
bench <ol A 3= Aol Fl.

Ta5Y EHTAE Az 24, &TF, A wjriztx, o=
SoAAE vmAS 9. T3 AlgAlold] 717]7F B3

A & A 49 A= A (carry over)o] 9 A Hr}. Lo
A, EFe2asx, JFHANLQTF A JAE BEAV 4435

FEHY BAYELS AEZAIE YdEY  @o] Roj: RHe=
FF8EAGAFH(voltammetry) AL A AFEAY (isotopic
dilution mass spectrometry), %% X 4W¥ (X-ray fluorescence method),
T8 ALA R4 M (neutron  activation  analysis) RE=EZA¥FH
E2tAuby (Inductively-coupled plasma  emission  spectrometry).
ICP-Mass Spectrometer ®5o°l dd. JAFRH77E sF71 27
U3t HolB2R2 RE BHAAR ol @F o] oy die] TEAHOR
ALEE S Qe Rolgtd ARo] AEEE WS U EAMY AYd
RE}E AYA)AHF Ao

4 FF459Y AN 71  mRHEFoz ALRFHE AL
BAE4 4= (Atonic absorption spectrometry) olt}. Hg & AYs e
%852 Anodic stripping voltammetry & A8%4 9ot BE4uyo] &
Az §7180] E4 A 43A3] s ojoF st} (HELCOM, 1988).

o159 79 EPA (1987) 9 wWwol @o] Ag-= =) APDC/MIBK 3 2&oj
o3 9 FFBFEYWE AT, Puget Sound =AY HE FF &9
ﬁ;&'}ﬂ s MIBK & 3171 o3g o8 WREE d&3 2ol AAjsin



As - hydride generation (Crecelius et al., 1386)

Ag Cd Ni Cu Pb - APDC 33" (Bloom and Crecelius, 1984)

Fe Mn Cd Ni Cu Zn Pb - o]-2x % (Paulson, 1986)

Hg - SnCl, &9, N, 7t2& &4, JF4< 3, CVAA (Bloom and
Crecelius, 1983)

HELCOM ¢} =&¥4ww-2 ICES Sixth Round Intercalibration on Trace
Metalas in Sea Water (Berman and Boyko, 1988) <f <2}3ici,

Fo AL 67} 28, F=H, @, 72, obedel thsl APDC-MIBKY o =
225 AAFAREYOR  BFAHES  su gon  Fe2
gR71sengd o8 AAFREENoR B4 5 Hoj ok

As (H]2) 9] 7§ == EPA oA Atomic absorption - gaseous
hydride® ( =7} 2 pg/l1EE ZoldolA A& glom A5 T,
5o AHgES 9. 18y Cr. Co, Cu, Hg, Mo,Ni, Ag 5°] ot
oz &A4FA] 27t Asd) 3 SDDC ¥ ( silver diethyldithiocarbamate
method , F71ul47F 10 pg/l T 20l oA ALE) & A& 9.
FUoAe 4REFLF =Y tErEe FHEutdSH-E ALE-$d

FIEEHM BARA, AZASUY, A% 5 ANEFBREA o
A& A, #2450 W d=A I

FF59 48 U 54 ARFl we = wae
+37}¢] o] +57ku Tt WA HHo) Fou oo wMEFLo] B 54E
detgs pele] #ASE 1 Feld] we s4e wetdd. e
§7HlAE ERF Vol A AT LeiA Yo

metA E22OE5S AMSE FEE5Y T Ul B4 x 2o
oAk FEE BelA T I¥FS &3] 7 Y& Aol

dAF2L FHFo AP AFAAV 2224 0.0005 g/l ol Aeln

(o]

<
a2 BRERE F FUdAE (1) 7faa2oeagsy ( WAeR
2, L-A12HUdH HAYgxoe=r FF, WA= fi FEIA
B 5t ie %3) (2) FE3=H

AB2uEI8EE AL-§
2320l 78y 2E) S

e
>

o
rit
e



A6d f7IedER

1. &35

8]

FUe BFedTAAWRAN  HRE S M 923 9

, #E%%F IIWE vmdel, #E

MR GRFLR e, $ERE GBUYS BEran A9, $38

Az uluE, 283 F3E LISE HAE5d Ua AlY
Az 9o,

Fue)  AFelAE  ERUsELR  B4d  Anwazd: -
YFEZANE gt of71% 310 m, FBAF 360 melA
FFLFBEAS Agslel FAse =eMe BFEIE A8 W
s539 dasd 240 ths) 100 Hanual 13 & Adsighas 25802
Agstel ZtamgntEIRE - AZRAAGM)E A BT sz
9o} -

HELCOM(1988) olAx= I0C & ®¥S Asta gloy Adsigts Al
gie& FE2EvE2 2EHo] t=Zd. o] HELCOM €] Workshop for
Intercalibration of Methods for Analysis of Petroleum hydrocarbons in
Sea Water ol AA] =Y. =3 HELCOM A& W-¥FF=AWYLS
x713¢ £38Y BER F57F & F ol B3 719 B¢ GCMS
ALgt=E g, dEe  HIFAXAMHAOAE AdFgEHLAFE
AGHESYH Adstes - RBEYL A8t 9o

o]+ EPA(1984) ol A= 0il and grease ® Aoy EBIFAEH »
fluorocarbon-113& A}-&3tt},

¢

4

Yo BFATAAEY SAEY kTS & EA AFHAAE
A|22] pH & 4 °139 Ao o n-PAFo) EaAFHE ELE FE3HY
- Ae SR AREY FARTEH Pk BHE Agsa 9o
23U 5 - 200 mg °lth.

g3leae] EHE ASAHFT FAZHY dlof 3lm o]E xIAUAE
AAE 713la 4% A A PR of o),
2. EFzedolg=njEd
EAFo] WS 2A3) 8354 EF Gl &3 YEuE Ao
PCB(Polychlorinated biphenyl)$} s°k5e] 9t PCB: F71Q4}FER

siefA o2 otgsi FFAFAR PEANY FARAEIL ol 739
#AA Yol



PCB A2 Diphenyl ¢ o} Isomer & ¥t olFdL9 =+
A7l 2o AAAGA wUAEE AL YAZ 50 - 60HMES HJAE
X3}, #FFE<F2 lindane, heptachlore, aldrine, dieldrine, DDT,
DDD, DDE 5°] Hdrtt.

= sid#e] Aol o3 ®2lo A&587d mT&AHdo]l otz on o
BHHod Jd4A ¥F %S PB B Ry EHTSE YA HY: T
isomer<}e] o] o] §o|s] Ao} (Caprais and Marchand, 1978). '

BRREe gl A% 3, 1R 3, AA (3237
elasEd BEEol Uel), a=uEody 45 £ME A
He, A2e) BEL 4 2o YFo 2 dueiols %88 4A A= A
do3ie S2EZEHS st F9E Utk HAED AAA R UAAE
20 2 455 Rl Fuh.

Nge) ARAAL AFon B ALHE Aoty £x9) Aol
odEd dwe wio, S AFAYd 279 Agz 9@
g71945e  zAr7el  gelo] A¥e A%xs - "ojmei
247175 ZRAAS P ULEER A £5F, oMAE, Haoez
Aex QBolA 0ER 358 AZAA} e},

2 X ofy

24 ¢FoEF =4, anhydrate sodium sulfate 5 E294 EIAEL
450 o4 IR AZESH ELES AAYS Y. sFEFoAE olF
Edol ¥ FER EA3%7] "o E4o] dE.

HELCOM oA+ &4%2] Chlorinated hydrocarbons & HgA|FEoZ
g ed ol 49 o¥F "Eolh., AgHE WP Alzieu et al.
(1986) | <j3tg,

I e 7]EdAE AFEA7 A= 1 2" tiste] 0.001 ng/l ©14,
Fa53H A= 0.0005mg/1 o]Folw Imntd EFEINo® ZFdgx
gt 489 HFFF A= B & R71EALAFAY SAIRAY S
3 E4YE AAls g

ATRA FFNLQFFY 7]e {71249 g4
31514 A4 5% (Chemical Oxygen Deménd)
LeloAlA FHAed g JYEdE ARED2 JMFAY JLAo] unlm

oA M4AQFZ(C0D) ov K59 24& =¥Yd: H=EHQ
FAA oI, a2y B2 dEeas 00D & slFREAR P ALgstA



% gk, €D & dEAAE &3] 20la gy EAFLS o] A#F7
slgeo]l §E2FHMY JdAEer EAFRAY RE FHY fUELES

Uehdoe Aol

AAdoMEe F3] FAx7 AR J2PEEC] w2 (0D 2 535
Uo7 W&ol COD 71 ¥7] uwie HAzxryl w3 D= Qo
w2tA COD B ojd sigoiAv 353U st ARRE ALgsteddde
A7 dga £,

COD <o AL AAA Ag=HE 7] 2 ARz AFsio
f7180] @A FEF st o] Fesith.  wWEA AFAd AFA
28717t ugFse EEAEHErY FE {r1ELHC] e AHE
Agsjop gk, Piol2e HaaHAE WAsr] A 1 mg C1 T 10mg
HgS04E 7hsted A ¥+ Jd. ofAAtgo] HAFom EAUA:=
W) adE Feo 499 ( 10mg/mg nitrite) & 7HRo R BT Y.
o sl A olHd sEv BASHA Pged. Bt Y= BE
7128 THAIA A7stor ok A8 EEL u]3 EPA(1984) oAM=
Farg Yol pH & 2 o3 2 33 452 YAEARE A2 A

oM COD & (1) A4 100 =olA HABgitzdge] o3t
HF 28 3FET (2) EZEUAR 100=04 FBNLFg J4FA o5
(2)8 sl == d4ol20] dFoR AR Hsso FHEAdm =
At _

FRAR=E FAZALE, FHo=2  {UES R #ZY
ZIENYFL BERAEAR £A3g. n0)3 EPA(1984) odAE sEH A
et A7ix Adwye Agstz dEd sFe A FZEAZE,
garo g Raste] BFo| FAFAYE ferriond AA|F2 =2 3o ferrous
ammonium sulfate 2 &3 3tc},

F3 AL E 9% CDe A& AP AAE EEEHYY 2=

A=z gy ol HFWNAZFES o3t WYl HAWFFIES
AR 712 Rat7] wEoltH d&3t+= @3], 1979).

71et R7189 FF £4 ¥H

dxgold  sHnLeTFY Aswez frlEede AEE
stetstz]  olglg Wi R4, §=4 #718E 9E @ o9
24371 ok



AR ML SRR FN A

AAitA g 7% (TOD) AH7148 &t4(T0C) &
EHE Atz 9l AL 7 HFS
A=
3

w71 8de 73494 R5E
o AaBoAN BT {HIEE
o A23Yot HIFE  Hol

An)3lE ALQPFgozm 0%
ALR]7|a AL FEWHIE =
AL-§-3te},

TOC(Total Organic Carbon)+= 900 -950 X9} LA K718 ES
AAsto] o]4lstetAR npito] N RAIF AR MIIARN AR ZA s}, o=
EPA(1984) = TOC &4 dis] 3eF< A3}E o] &3t 7|71 4L €3z
ded AT ojiziEALE FAHINAEAAE A&sAY wWgoemn
ulf2o] Flame Ionization Detector = A3t RBHFA] %A L7]9)
AHES Al ASFE BA4FA 7x] 4B 9 45 Az JdAo
dasty frjete] FEL  HHsigm sg. 2X|7F ol EA S
AEA)o = Gatoly Fa5ozZ pH § 2 0l37) HAGEE Asta g,

o 1o, oft |

28471k (Particulate Organic Carbon, POC): Parsons et
al.(1984) ol A= S A FAZFl <3t 438 €3t 9}t. Strickland and
Parsons(1972) & Johnson(1949) <l 9]t S FAZFA Y
HAEH 7)o 9% oA HAAA 7]A9 @AEEXO|E o] &3 Wy S
A7) 9o,

&4 #7714 (Dissolved Organic Carbon, DOC)+= Menzel and
Vaccaro(1964) 7} persulfate oxidation W& W33 o Armstrong et
al.(1966) 2 A3 AYJAE XARXA {7189 4L s Wy e
AN ged fUIES GAHs] ®IAIFIA] R 2 Fo] Ytk 9]
BHES 771248 4= gz o3, dA7r {I71EEF9
42 Sharp(1973) o & wluxo] 9loh 3 Gordon and
Sutcliffe(1973)= 3sl59] YAz 93 d& 2FEIL P&
EH4 7104 £A3te] POC < PON & FAlol #5t= W& AAlsa gl

&2 G714 Y4 AT WY E 3L gzl
313 F A8l E X]7]+= Parsons et al.(1984) 9 W x wWol Al&=d),



A8 d HEsH A<
=

2] #7AFAAARANNE FHFEY (4-ou:=tEls)eY) &
Agen.  Ewyd slet FRE A ARARUS-FEYo}
42898 Wolpi 10 o2 zAUtE 4-opuxtEl e HelAgtal
32
=

rle

ZES Yol FXF FAZHe <UdEHAANLY FFEE FH3%=
wyog £Ldoix 510 m, FEREXFEIYAE 460 nn oA
233%, 27l 9L 59 UHsAe FEEXF §9Yo] BB
o] &5 sFE BF 5 gl o] EHo] 7t5sta 8 doAE 50
pg/l ol

Az BEe AEHH WHE Br9s FAFUGFIE) 1g/l &
dolFx <itoR pH 42 ZF3Y 4 oA dRFEFS 24 AAA
BZEo] 7h5sih. ol EF FIAFEY WIHE AXdEd. 4, #®HEF
dE ZA$ pH B 12- 12.5 2 =F3t3 d47]3dA9 &L . a8lx
Z2EXFOR FEFME 247 HEE AZESF 9 cHAPHA-AWNC-WECE,
1989).

olglol= nlx EPAE A9 4-oinik=<tElv®l WS Technicon
Autoanalyzer AA II o A-§% A} MBIH ¥& A&dr. o]FRol+=
Fae BEAZ Abgsed AAES ASRAF S FPEC] TP HCHER,
1984 )

ZYojAL ylalgd - FFEE2RS AYsta g=d ol=pH 2
olate] QlAtAL Y o)A ojEeitjollE| Eg XA EFH F&Ho]2S TEAA
AletstEd A1QtFo]-2-9] RS AQtgga2 FEAZY.
gzd(AetLd) S 202 F3sle F2EU T & ¥4 d3rge=
sto] mjgjgl - W& E 9L Yol YedE FHE 620 nmm oA FA 3=
wolt}, Pyridine-barbituric acid@elAE 578 mm oA FE/EE
A3ttt oA AZHUE o] Adsz Jded FZFHA= 0.05 -

10 mg/1 ojth.
AlQtoledq  A|QtFo] 2 B s AMEFHA] Al@stedor 3o

thut 2] AP QS "ols A28 2l 10N 43 GEFGH R pH
212 2 2 24319 4 9] 2504 BR#A3



F3tEo] Afe Walads E59o HLENA FIEo] FEW
27t dosto, EPA(1984)ollAlE AAE AH§3 BUE A8t
qoem AGHAY= 5 - 500pg/1 olct. o] WAL A thiocyanates”t A #
=%l cyanide & g 9o F7} da3ir,

Aokl AAEY FE FATE
8550l o3 %

b o
EF33=A2 7R g wo 233 57317
b

AsAx= 2229 a, b, c E9 HesIHE, JlREko=ES
AE E4s=Zde=E g2d HIZ 435 42" HIC Wy s
%7494 9 dHAbaychi et Riley, 1979 ; Lorenzen, 1981). 28y o]=
Az o] Anjg 553 BEH7]&£S 42 31 o7)A UL AA3F A}
24 "/ AL ot EZIERLFY FHFL AFAn
E4EEY Sxo]E Bl gton SCOR-UNESCO H¥3lolA: 1963
g Algd 3 2F3E A2t

- & FFH

-ojZA]e]  gt9

2guoo3t E49 agl

-F&8ve FTH

-A718 822 A7} (CaC03, dimethylaniline)
- x| HAZx

Ao 2] 3tF7] A e

RE

-FEAT

e a-r CEENE DR

Axe A2 BEES uPASA Peu HELCOM(1988) o A+
NEeiRR AL Askel IYH RAFSL dgso] HEBAGE SAZE
2382 dES ALsn 9.

CNEX0(1983) oA+ 7ls3t #e] ofigst: Ao] ut@Fsicia Aetn
oA}t G A|2E BEY ZF$ Mgl0y & <7t 718l carbonate
€9& 7tsteta i, A9 AlRE A FE 20 & oA 3 F3
B Fo] 7b53tct.  Holm-Hansen and Riemann (1978) & Q7oA A&



Azste Aol Bda dun syt Iy A2F 43d I ARE
G2 ofx] Alolo] wE F#& AASY $E/5% FREWo| Hojuria
gt

A2 oj3tA HELCOM (1988) olM: GE/C filter & Abgstx 0.5
kol #e) e wsteta k. oAl FE Fol HgsHA oixz
geslo] A7 A AEEol AXE WMAYZ P Y 2
REYAEE AZA%7) A5 300 w oAAH AHBF Al AWE A=
Aqstete 9= 9tk

B4 445 XU AAEES 2oy] 94T A9 ddaE E49
AgdA Y A3 FoE HQT g, x| HAEERL AP y@ou
FagEo]l Jdu. H[EAFAAY FL o AR vl AFFEY
AEHAEZFIEYAE SHAZdE Asls 9o {Humphrey and Wooton,
1966), Holm-Hansen and Riemann(1978)& utcizlx 3tgicl. walA GE/C
U Millipore So| 484 E3aEg dzds. afdi F5sdx
A Ztsofstct, v fElAF Fo]l dHY A&AHoly E4e To|4,
oA S 5o Qs "ol A8E g, EE IR HqLE
712 BEFAE 0.45 mm B FHol HqF FH}= FEE WA
BE A QA AFEZAZF ofFHHE o] IA 2T 8+ S Aold.

" zzgu: ttks] o3t UNESCO olAl: 90 MHME olHEL
Ags718  Astn gtk owge RAFALEHE o] olAEc|A L]
zz2y F3A57 & GeA Q7] o

Dimethyl sulfoxide9} olAES E8§3H ofAE 90 sMES AL
adg 71ALgastey @ol Ag=E9 ey (Shoaf and Lium, 1976
Stauffer et al., 1979) AA FEFELL EX g2 AHSFE YEYR
Burnison(1980) -2 Dimethylsulfoxide(DMSQ) %H& A}-8-3ict.

=3 velE 100 HMER FE3E WUHE AUl AEH EFIAE
2L & 4x48 JUdx 3t Marker, 1972 ; Holm-Hansen and Riemann,
1978).

< Suzuki and Ishimaru (1990) = Non-volatile N,
N-dimethylformamide(DMF) & S=2Z=2d" FEEu|2A Hstx Yded ol=
FE2H 80 3 30 AEY L FEAZLE g3ty 7Mdolyd EAZ
%—3}7} QA 55 ARoA 17]1€ 3= F2RYo] ¢4FE AHER v
g},



ube HELCOM(1988) & 96 =
E8u7l @3xd 22249

* 9]
‘_JF}E} ¥ davt Ao, wWEA AMYE EEAA o
Kl

MgC03e & ozl EF=Eo] & FIAIEF v UFol
Aoz RO unjszjAAclt. AFEHAFNA= Mgl0y 7t
223298 F&37] "o AH{EA HAS dAsta 92 Holm-Hansen
and Riemann((1978) & ©o]& A}&3x gomr FEZu&Aa ZFEZLY
H&7t doju HemanEeES F7171 dojvr] wieo olAEE X833ty
BRIt 228 29 MgC03 9 AHgo] "5Folztx st

Aetsg AIES Aok Y
Axaol @7 wWE] FSol
1 =

TE
.Il

AEBEAEFZaEY] AxxxE =Hystrz] 43 ’?'-éﬁ 71 = X&9
EH47)1E= d532 Aol ofvn AP oA xR FER T2 adE
d&5 311:}15 z”‘H:}(Holm—Hansen and Riemann, 1978). 138y 499
02 APAe FEHRHRE ASEF S 29 FEEEES ol
gxass 211716}71 sl A v E Pt Yo

F=Ad 93 Ez2d99 F3E EFYUF AZA HAZE 2+ B
22249 a, b, cE 385 9o olAEY A F333<l 663, 645, 630
m o4 &4 Astzm Yok, A4S SCOR-UNESCO oAl FgtAo] A%
Algslo] gt=d Jeffrey and Humphrey(1975)& S=2=29 ¢ 9 ZA%
ERA 7 tolsl2 WA AZXFH AL S L.

A7 A @A FZF S FEEYY dE JHEES 53
Aol Jdoy HevaHES FTAHRRS <2x7t @o] WA¥SF Yo
871A] st oA gt =74 51+ Lorenzen(1967) ¢ WY F229 a
HoevwawHeE EFR3F Y= Fdol A

Acidification &]7]& AL AL YA oFojoF 3t Moed and
Hallegraeff(1978) ol <sld 48] =7 o HevawWEY
Faugge] gEtAW o EFAFIREH o=yl HPES FE2dE a 9
3o deRgA F3& doigdm i

24 7% W9t RE 3= A%EF Yoy uHe A
g2zde FHA 22aA 97 A3 10 pgd WA ES = Rl
Fast, 22zl 34004 AREE A4 FYsr L. ole
At S5 $u, 28048 F, 841 49 dolo) wat gh2o,
2229 a of dsldE 5 ug UM eA7 5 HAEFEoln.
HemIWES 2% 0.5 ug oA 109ME Fxolth, F=2Wc o FS
A=t APHSE Holul RO R 10 oA 30 HAE A olh

EAMAL HA RAZAY FS EBFAAYEAA 101 34 10

ml #&8vjE 23 10cn cell & AH8¥A] 2229 a = 0.02 pg/l o|%
Hew1WE a + 0.04 pg/l e°lth. =ZF2 HFERAAAH=



Lorenzen(1967) 2] monochromatic gHe  H[I} g+ o]
HeoulaHES ¥FS Ar|Ys] F 235 ). g2229 b= HFEFdAs
271 oLy A9 ABAEFIEZTONE  FFEA] %]
trichromaticy] (Jeffrey and Humphrey, 1975) = =Zo] F&3s=AH<l
2l 3ot

BAP=Ao] o3 ZzIW 2AFL AE7t ol BHF HE|H "
mo] A}exT 29 oy BAAJA ALy, o] WY Yentsch
and Menzel(1963), Holm-Hansen et al.(1965), Lorenzen(1966)% <l 71=3%}iL
k.

A 103 AFEHH

Alekil Alge] A4FH
Leonard Skeggs ol <3
5. o] AFEY
AAAES 9o g2 Ad

AsEH B9 < EYAIZHE GEAAC] ok
EAERA 2= dFEAERE ddsigd. F &£o=2 s £49]
43t At mEt z2olg HolA Ha AL AlHoR: W=
Ag T E43stes 7o) @Ay ded ATEAPES 22 21994
A% A=2E EAsA= A8 dBEE A=Y A =& HUd.

s Fol A A17ta Fhe) wEt 3}EER EEe] HIgo] mjle =YL
o] &3 A HAE A B AlmE E4steof o)
AFEALHLE  FAl drir] JE4EE 45+ Ydx 9UQdl
Algo]go] Fo] RFAY AmAHN WE Fu7l ER FAEA =HYUo
a8l oq7l4 Jer =ABEL st golz] wie  AF
Az A 2HE 53 92 ALFAARE A& 5 IA HAUo.

EE AmE A I wE d&EFHo=R FAEs 99
gtEdY  AZFHY EEE FAoy AHHIAC dd  FATHHA
A7EHo dd 8-S THHL l Hoo. AFEHA7IY B8 olF W2
- gEAY MR & uFol AFEH HYsW ¥R
AFEHel 713 B HYn A4F {F7EL, FF5, FILE9EDASY
AEEA TR o] EHY,

2l 5% (continuous flow)oll &3t AFE A WYL
g AlFEE9gen 1957dd BEA477|7F AES)
2 3gEHo] AQEHE A =9, FuE =27
73 Fofoll FHAsA §8= 9.
70t



o

=3 F5Fe G HEE ol sgolAe] BEF HIE 2 FFHQ
= 4371 #5HY = oo+ A (productivity coil
C-14 BAIE TA¥94 AHEH), A2AERE (EIS 549 #4&
o] 8), AELEZTIES AAATHE(NR &£454) 5ol Ut

A4 BE 2dERAY EAWHAAET AFEA} FHHA dE]
Alg=E3 Q7] wfo] oldusiAE HAwylel ‘HF3lo] T3t EAIL
gE=HYyc,  &$F AAAe] £4& o2 5w Brewer and Riley(1965),
Hager et al.(1972), Strickland and Parsons(1972), Grasshoff(1976) %©]
AsEAYHE s

QlAtd o] A% Murphy and Riley (1962)2] w48 o]&3 Grasshoff et
al.(1983) 9] AFHEHo] @o] Rol=d FIIA Aoz 1 E=U}
S, ol oAM= Levor IV & AMgstEd gt AAT AHRS
ZIA st Yo AMgsHR] g=Ho] FEstE FRE Yo, ojyo=
0.02 pmol/12] AMA 7#AX ®Ho] 753 Cu, Fe 59 HWaazds
AAAFENA FAEZ =3, 5}111101/1 ojde] JIELS EFHI}=
A2 7ZIEE 3 A7l A2zt 'desith. u)3 EPA(1984) dAxE
ammonium molybdate Wol &3t AFEHYS A7tz Y=d o= X
W2 0.001 - 1.0 mg/1 ol & &7153 ).

2% F4AY A@Auitt RAXP S niHEst olof 94
AsEH7I1718 980 Zimmermann et al.(1977), Treguer and Le
Corre(1974), 5 w2 EA %Wy o] u11=9 2 Grasshoff et al. (1983) <
NFEHAAANAE LA A4S FAFst Yt

Armstrong et al.(1967) & A&EFHoT XBE A$3te JIFIS
AsEHs= BYPE Ao o2t BEAHS Y8 AxA2AHRA],
A& # A2 (Morris et al., 1978) %% o] ziws=Egicl. sz
TEEE ASVE AL§sled ARFRHo] Alx=x9glen(Clavell and Zirino,
1983) £FZHAAE A3t TS5 ASEHE 253 9. o=
EPA(1984) dAx w1z, gAML QTFE, NA, ZE293d9 o3
AsRALHE BEAAWY A 23712 9.

Flow Injection Analysis

Flow Injection Analysis &= 1970 ddii g A7) AFRsiAo =z
(Ruzicka and Hansen, 1975) A|28& A1%o] BFZHd] Flsy ur 4o
S4ASH7IANE Y3t or = (Betteridge, 1982)3}7] wj&oj] =7 o
A8 =+ AZto] 45 F(continuous flow analysis) o] nls] AR wm=
ZAo] 9t



ol Ff5Fo S8 ZF IS EE oimx=il, 2FES COD,
222, &, A4S FAH A8 F dd. D o AFSH
Korenaga(1980) W5 100971x19] EA4wyo] wUREHJRL FEYoL9
- ZAS%d% Krug et al.(1979) 5 20 HojAe] o] wEwEYth. AL4A9

7% Anderson (1979), Johnson and Petty (1983) GSo] sl §-&3t olF
08 A5 g =REEo wEEHYY., <44dXx Johnson and Petty
(1982) 7} slig=o] S&3}AL nEs B> FA4LYHo] .

A5EHL A7 559 F 7IETES FUst A8 A9
e EAL ukEo] olxoloa  Egte] foldA =HI ABEIY
A5Q3Be golgoy Zeots 5§ FHIT Aolrl&sol WE
7128 AH§eA gt B Eol ®ol A dth

A1l 2 718 Frlagsojor & 5

S 8F2dFTFARYEA  vg YA duEE der FiU}
A= ojoF & AMREC] dF o, AAE ALY BEAEAY EAUY
dE9 IHFPF A OE AHHo gow ol HIAE
S AYAE 7] H(IAER) 9 AHFE FHE=AE F& Holo

aga =ge  BA2@F sde nese  FAFid s
AESolol stz H71B9 FREANN 284 $/14249 B, 8EA
$71429 wae RAMYEE BEF 2L 2o 8 Holg, 2w
A2 ARAAE §710d8de BAdA 53] BEEore 2 487 KB
o] s R AA  EAEEY  AFo] HeBmold, =
sishid7]7le) F4d Waz Qs A4 LEAE Aze RAYEES
A go] %A Ads)ol Aol

No kI

NIAE, AAHJAETY 24EE £4

%22 Jyge F7 sSASTH 5Zegsde o Fr|F<
FFABE Ao A BB E, AAHAEFTY LFEAEHE 3t Yd.
Y vj=FS FALR Il HAAAF R A G L AXEHE AFEA,
=259 F85 Rl EZAY FF{ZEE FA}H HostEe
International Mussel Watch program X o] ¥ 38 o] 3+ Holy
19909 49  FIY3dAaxE  FHE e <S4 -A3](100) FHow
HAEHES o] &3 2LAF5A & Ut JAiko] d=ivl Yot



HELCOM & # ¢ ol Zl°*°ll*1 8% 559 HIPEA Tt 52,

ﬂE%,%,éeh% BB 58 A7140= BAsty gon oo o
FEH B4AW e wheistn 9L cHEELCON, 1988).

mgao ZARABEPINE HAHIEF 2, 1=, &, 7,
ofgd, &, =F, U4, Bz, UAFu)E} AFEF, B, LAFLFE
471802 ZF%3 YO

24s3 jom s|FPEF PCB, AR5, ofd, 7o, F2,
AR, F, A, 9Rr2E R8T 7ld ta $4XAL ntesa
5] cH(CNEX0, 1983).

Puget Sound 9] ZALE 3 FAFFNAE FTEFEL FFLAEH
ta] SAHFE, AIFBEFTAALY ZAE o olduidt EAH X ol
o2 s o] 9l EPA, 1982).

cEUTINE ZHsA AAHAER, ABPEFY 2FELL
271802 stepste] @A) AEE Hrlstolop Tolm BAXA
njglo] AlFsitta o},



A4 R e Ad

oziuete g3 g U BAXIAL nud FH} EAEHA
zolE B dtd ol FAsE: Aol MUt BEE HFTE WOl
48 715 EE @5 Azt wE @@An %:-‘:417]%94 dolx, A4g4
o4 5o e, Awdom Hol o FLEF Y& WHE
A€ 5 ‘%‘UHEJ}E AU Eojv] A 2RER 7421314%01 47324 9
A= sof sk Aol F4 HUd

odd Aoy SEMsE R4T A4S $AE, 9715,
ARAEE WAaRE Toltd cdstelol TRolL UNABFAA
u)de] gEALE B 9% EAYY A¥I A5 a7,
aulm 2 aBAe R4 oA Ads AHEA, oFAY Azl
te Wge] Reto] asteh

QLAY A¢ EAYHEES AP 5 5FE& AL solen
7:}5_7} 2 ZEIMI ARE AFwyel deEo] dadi. AR
BEuo) YayE AE7} =ojof sk dutx o HA| E4TF e
AgE F49740 "asty fRYoY BE é*] E4E& ot
aglm FRA A" Al Ui FEESY At @
Z2ARE Bste A 71X {4 E—hﬂo“ﬂﬂ 3-'11314

Aet, HESe] #He gold: Az nEwym  AY
pAzA Ado] BA=W T4 2 A% APHFINY A&
gr)ger ANE Zork "estt $710dBAES #H 9
g%%ggza% Wa 22z, BAZAS @ was Awol
a3t

=3 2L 71719 Jigel gt A2 duse BAYYEC ds)A
EE3E AlH AFAESZT  EHol AUAEF sorgAcIn EH4¥H
AEsto] M2 BEAE dFFojol k. AFEHE £49 3“«]"34—}
ZA4, 22z Az 4BAE Y3 dHeQ .  FTIFFY BF
ICP-MS 5 AlZd7|7]el disiA A7 st F99 BzdaZe] A= oz
Zojsle] ¥47)&o] F24& Hslorg dart dd.

dsol sstgase7REe] B0l HgPA AR WE
A48 A74ol de . Iz ok A $EdfrIvad
ReAR7IRLR HPO ZAE F83%E Wol FA Ut =W
ERoE AaBe 228ud] we AR, FFA=Y RENNI,
AUAT dshsel wetAmz xR g Fe ARl
3}t

E



ZuUe] sGeFe o A= FE7I#EE F7IFoa AHAQ
zAGE ZF oA AL, IAIAL BxADL wE
AtARFFEFIE 2AS Fo® TS W2 AU £88 A¥eld o=
FUAEFEY] FAH BFEA e #Ho] FF == tdF wHs
3ol

By S Rl BAzd0 490 Hae g LRE
agadon vetste] AW BFRAA o] 71948 Aolw ueiA
goz s BAFLAL FAey) A ¥A7IE0] AUHNT HF Ho]
A}z wze] A% gt AM4 d& A9 FHo] e Boh
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