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— Abstract—

Chromium and nickel concentrations in air and in serum of workers in chromium and
nickel electroplating plants '

—

Ho Chun Chei, Ph. D., Hae Jeong Kim, M.S., Ho Keun Chung, M.D., Ph. D.

Institute of Occupational Diseases, Kovea Labowr Welfave Corporation

The exposure level of chromium and nickel for chrome and nickel plating workers
were evaluated. Chromium and nickel concentrations in serum from 82 exposed work-
ers and 66 controls, who were not exposed occupationally to metals, were analyzed by
flameless atomic absorption spectrophotometry. The results were as follows :

I. The recovery percent of chromium and nickel concentrations in personal air
samples were 95.9-108.2%. 88.0-107.7%. precisions (C.V., %) were 2.7-3.1%, 2.1-4.4%.
respectively.

2. The recovery percent of chromium and nickel concentrations in serum were
93.6-106.4%, 91.3-107.9% and precisions (C.V. %) were 1.1-7.6%, 2.4-5.4% respectively.

3. The exposure level of chromium and nickel concentrations in the place of prepara-
tion process were 201200 ug/m?, chromplating were 35.7+53.07 pg/m®, 2.8+3.42
pg/m® nickelplating were 46158 ug/m®, 18624441 pg/m’, and covering were 29+
2.02 pg/m®, 1.1+£047 pg/m® respectively.

There were significant difference of concentrations for chromium and nickel in work-
places by groups statistically.

4. Chromium concentrations in serum of exposed group and control were (.68
0.399 pg/l, 1.41+0.748 pg/l, respectively.

There were significant difference of concentrations for chromium and nickel in
serum by groups statistically. :

5. Chromium and nickel concentrations in serum of exposed group were not signifi-

cant by workplaces.

Key words : Cr, Ni analysis. in air. in serum. electroplating plants. flameless atomic

absorption spectrometry
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1) 3715 28 Ao 23 ¢ 3z A
:Lix}"ﬂ A A % A& Z37](personal air sa-
mpler) & #&A1Z OB, F3FS 2.0L/MIN, =
AAE AGAIZE Bl 7@ 195804 262
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}
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oA 10&, 800ToA 5%, 1000CNA 15:%,
1300C oA 122 3]3F, 2400CHA 227 Y3t
ghatdch, WA wTAAM 20, 95CAA 40
Z, 120CA 10&, 350TA 52, 800CHA
10&, 900CA 10&, 1100CHA 18%, 2200C
oA 2022 39t

45 23 21 2HL AT AR F4 B

F712] JEFA (detection limit)E ZEo] 0.09%

Table 1. Recovery and precision of added chromium,

+0.022 peg/l, 0.09720.024 pg/lo) At
2. B EM dy

=59 22AEY FAFAMEd wE FF
& TR Y TR EAF A E UL ¥
o st #ols Hlm BEAs7] Y9t v RS
AR 2% Kruskal Wallisd ¥ ZFEH 2 314
on, 84 ¥zan MFETY PRF 2F
2 U FE djae v 25 FA 9% Mann-
Whitney testE &5t

m o7 8%

1. 371 28 ¥ UY 5= 249 358 &

Hus
_0]4
A% % UA BE BAS & 930l 94 24
o HUE 2 A4S s
=]

=
2zte) ArE 59 RS 2AsA.

and nickel in air samples

Metal Saple Added standard (ug) Absorbance® Recovery (%) Precision (%)
Cr ’ A ¢] 0. 0846 +0. 0026 95.5 1
16 0. 1506 0. 0101 104.7
24 0. 1840+ 0. 0087 107. 4
46 0.2326:+0. 0139 97.3
B o 0.1132+0. 0033 97.8 2.9
16 0. 1858 +0. 0091 99.6
24 0. 23000, 0055 108.2
40 0. 2890+ 0. 0095 98.5
C 0 0.1576 £0.0043 98.5 2.7
16 0.2232+0.0083 96.3
24 0. 2662+ 0. 0045 107.9
40 0. 318010, 0034 96,3
Ni A 0 0. 0550+ 0. 0024 88.0 4.4
20 0. 1508 £0. 0068 107.7
30 0.1945+0. 0044 107.3
50 0. 2593 £0. 0045 96.0
B ] 0, 0810 £0. 0021 95.4 2.6
20 0. 1705 +0. 0075 101.9
30 0.2194+0. 0083 106. 7
50 0. 2905 +0. 0067 97.9
C 0 0.1494 £ 0. 0031 101.2 2.1
20 0. 22030, 0076 95.7
30 0.2630+0.0036 101. 2
50 0. 3395+0. 0059 101.0

* - Absorbance=Meanx Standard Deviation

—1189—



Table 2. Recovery and pecision of added chromium and Nickel in serum

Metal Sample Standard calibration curve Recovery Precision
{(Y=ax+b, ] (%) (%)
Cr A y=0.0213X +0.0534 r=0.9996 97.4 5.1
B y=0.0223X +0.0094 r=0. 9972 106, 4 7.6
C y=0.0211 X +0. 0566 r=0. 5968 93.6 1.1
Ni A y=0.0273X +0. 0315 r=0, 9992 107.9 2.4
B y=0.0233X% +0, 0252 r=0, 9978 91.3 5.4
C y=0.0208 X +0, 0316 r=0. 9991 94,9 4.8

Table 3. Results of chromiumm and nickel concentrations in air of electroplating plants by workplace

concentration { ug/m")

o gUY A Y FAF A3} 5o ol

Metal W | M %
o et SikpHicy g Mean  S.D. Minimum Maximum ean rank A eilie
Cr preparation 8 2.0 2.00 0.9 6.9 16.25 10. 35*
Cr plating 11 35.7 53.07 1.0 139.3 33.68
Ni Plating 19 4.6 5.80 0.5 20.0 20,37
covering 7 2.9 2.02 1.0 6.0 21.07
N1 preparation 8 7.7 11.75 0.8 35.7 24, 8] 10, 64*
Cr plating 11 2.8 3.42 0.9 11.0 18.27
Ni Plating 19 18.6 24,41 .5 77.3 29.05
covering 7 L1 0.47 0.5 20 11,93 B
¥ p<0.05
T 27ME BEAEY H5ES 95.9-108.2% 3 27k dlom, EibE olu AlgtilEe ‘
Heioenw 24 HATEE 2.7-3.1%E Bgch HAEH, 3§ =3, A3 2 dx, 24 42 =
UL 3|48e) 88—107.7%, AYEE 2.1—4. Fe] d& eAFoR s A, FYFAF =2
4%E ven g3 UAe 83 49N 2 2 2949 o
& *ME Efde BATHE 3)
g = T = T .
2 BHS AR UL S Sl gg Y
gl

EFEAY 28 2 YA 27 0.00, 1.25, 2.
.00 picograms F7MAAH F43Gon A
£ 93.6—106.4% o, A

A% AR 1.1-7.6%°1Y
91.3—107.9%, AL=E 2.
A7 & 14
T 0.990| 408 =

3. el RMHol M2 Z|E 35 Y el
== 55

£3 4YHaA age £35) 2

2 @ AYARAA WA A el o BA

79 HAY AYEAM Y 28§ 2 YA
Zb 2.0£2.00 pg/m®, 7.7.211.75 pg/m*e] %l
H, ZAFRE 35.7+53.07 ug/m’, 2.8+3.42p4
g/m’, YAZE 4.6+5.8pg/m’, 18.62+4.41 4
g/m', 2FE 2.942.02 pg/o’, 1.140.47 peg/m’
2 2829 371% 3§ FE7 71 myoq,
HAzAAM 715 U2 $=7t o} Ay 249
o we F= o]z}t AAct

1. HETH 53 22Xl Y 3 3= 3
U 5=

iEe dz2d 22d 2239 833 a8
U =¥ 8B40 20 ¥ EZ di2F 9t
EvY CEAR F8% ZET 949 @A
AF FET 27 0.68£0.399 pg/l, 2.31+1.
166 ug/12. 2 f-eJ Aols} glgleon, Yz 7}

off ¥g ng
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Table 4. Results of chromium and nickel concentrations in serum by group

el 5L & A concentration( zg/1) i ?
group Mean S.D: Minimum Maximum ean rank U-value' “Z-valie

Cr M control 49 0.68 0.399 0.01 1.63 28.77

M exposed 61 2: 31 1.166 0.50 6.41 76.98 184.5 —7.88*
Cr F control 17 0.69 0.478 0.01 1.92 10. 32

F exposed 21 2.24 1.010 0. 67 4.08 26.93 225 —4.66*
Ni M control 49 0.52 0. 344 0.03 1.64 33:12

M exposed 56 1.41 0.748 0.25 2.81 70. 39 398.0 =6, 26*
Ni F control 16  0.72 0.420 0.23 1.52 15.16 '

F exposed 21 1.10 0.626 0.33 2.20 21.93 106. 5 —1.89

*:p<0.05

Table 5. Results of chromium and nickel

concentrations in serum

of electroplaters by workplace

concentration ( ug/1%)

Metal Workplace n o SD. Minimde R Mean rank X *value
Cr Grinding 12 1.98 0.891 0.54 3L 7Y 35.54
Plating 49 2.39 1217 0.50 6.41 43.15
Covering 21 2::32 1. 069 0.67 4.17 41.05 1.01
Ni Grinding 11 1. 17 0.563 0. 55 2.28 35.82
Plating 45 1.47 0. 780 0.25 2.81 42.78
Covering 21 1.10 0. 626 0.33 2.20 32,57 3.24
Table 6. Chromium concentration in serum published by differcnt investigators
Workplace or Concentration (ug/l) Analytical
o futhos Date NEE* Sex n Mean Range technique
Exposed  Mancuso TF 1951 Chromate 46
Gafafer WM et al 1953 Chromate 50 40—60
Ho Chun Chai 1590 chromplater M 61 2.3IET 17 0.50—6.41 FAA
F 21 2.241+1.01 0.671+4.08 FAA
Control Monacelli et al 1956 25 185 82—308 ES
Kasperek et al 1972 127 9.315.6 NAA
Davidson IWF 1972 7 5.07 3.10—17.19 FAA
Grafflage et al 1974 50 0.73 0.23—1.90 FAA
Pekarek RS et al 1974 15 1.6210.31 0.20— FAA
Bierenbaum et al 1975 K City. Missouri® 260  43+113 AAS
Bierenbaum et al 1975 K City. Kansas 260 12£32 AAS
Lium & Merris 1978 F 15 1.6710.45 NAA
Versieck et al 1978 20 0.16+0.083 0.0382—0. NAA
351
Kanyne FC et al 1978 M 8 014 FAA
Kasperek et al 1979 7 0.45%0.15 NAA
Ho Chun Chot 1990 M 49 0.68+0.40 0.01—1.63 FAA
F 17 0.69+0.48 0.01—1.92 FAA

* . Nonoccupational environmental exposure group

AAS : Atomic absorption spectrometry

ES

:Emission spectrometry

FAA : Flameless atomic absorption spectrometry

NAA : Neutron activation analysis
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Z} 0.52£0.344 pg/l, 1.4120.748 pg/12 |97
zto] 7k ARk

HZZ gz gz FJds TFge] EAEE
T8 FEE 49 3% 48 s 7
7} 0.6910.478 g/, 2.24+1.010 pg/10 2 9
¢ zol7k Afed, UAL ZHzt (.7240.420 ug
/1, 1.10£0.626 pg/1o2 =] 7} gglioh

5 = FMYo Mg =2 =Z=2Ale @il
Z38 ¥4 4HE ==

47 2 YR =252 & g3l gx8y
Adgo]l Hiasle] He Qe 2zAE ZE
YA G dFoz, ATHA 49 472 ¥ A9
o5 glo] d37Ivt A gt

58 A Ay YRz g2 agzz
ol¥se] dir]|7t AYgermz AYRMNE E 5
o o] dvl, =72, TFog Yrgth

duh, EE5E, 23 ol 2=Ale ¥
A FEE ZH 1.98+0.891 ug/l, 2. 394_r1.217
pg/l, 2.32+1.069 pg/leleny, YA 1,17+
0.563 ug/l, 1.4740.780 ug/l, 1.1040.626 pg/l

g Yl SASHC s fo8 Fo)7t AUk

2 19} oj2e| Huel Y Z=To| YH
£ 38 550 um

# 67 o] Monacelli ${1956}-& A AF<le] o
3% AE F=7t 185(82-308) pg/loli o,
Kasperek§ (1972} 9.3+5.6 #g/l, DavidsonZ
{1972} 5.07(3.10—7.19) xg/l, Gragglage
(1974)2 0.73(0.23—1.90) ug/l,
(1974)& 1.6220.31 pg/l010 0}

1978 Liu®t Morrist= 1. 67£0.45 pg/l, Versi-
eck®t Cornelis(1980)%= 0. 16+0. 083(0. 0382—0.
351) pg/l, Kayne 5(1978)2 0.14pg/l, Kaspe-
rek 5(1979)2 0.454+0. 15 pg/l, 353 A
(1990} d=k AAlel 0.6840.40(0.01—1.
63) ug/l, A7 0.69-40,48(0.01~1.92) ug/lS.
Z vepytch

olo}go] FF&e EuHA & A4 =
& F5 A Ags dxd mat Zolrt U
oo EF B Abgdel wie} @gich

Agd Z2dE 224 Y dYF a2 ¢

Pekarek &

Table 7. Nickel concentration in serum published by different investigators

Workplace or Concentration ( zg/1) Analytical
Group Author Date NEE* Sex Mo Rance technifus
Exposed  McNeely et al 1972 Mine resident* M{7) F(I18) 4.6+1.4 2.0-7.3 FAA
Hogetive AC 1976 Welding 5,0—6.5
Ho Chun Choi et al 1990 Plater M 96 1.41+0.75 0.25-2.81 FAA
F 21 1,10£0.63 0.33-2.20 FAA
Control Herring et al 1960 61 62 0,0—277 ES
Butt et al 1964 48 58 ES
Sunderman 1967 23 22+18 1-17 Spec
Schaller et al 1968 M 26 2149 6—37 AAS
Nomoto 1970  Hartford M(25) 22)  2,620.8 1.1-4.6 FAA
McNeely et al 1972 Harford M{7) 2.6x1.0 0.8-5,2 FAA
Devic DM et al 1977 Hartford M{15) F(4) 3.1+Ls§ 0.6—5.3 FAA
Spruit 1977 M 10 1.§ AAS
F 14 2,0 AAS
Sundermann et al 1088 30 0.2840,24 0.05—-1.08 FAA
He Chun Chei et al 1890 M 49 0.5240.34 0.01—-1.64 FAA
F 16 0.7210.42 0.23—~1.52 FAA

* ! Nonoccupational environmental exposure group
AAS : Atomic absroption spectremetry

ES :Emission spectrometry

FAA : Flameless atomic absorption specirometry
NAA : Neutron activation analysis

Spec : Spectrophotometry
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T+ 19513 Mancusos 46 ug/l, Gafafer= 50(40
—60) pg/l, HEE H3NA(1990) Fae] 7
< 2.3141.17(0.50—6.41) pg/l, dAE 2.24%
1.01(0. 67—4. 08) pg/1°1 T},

7. 2 79t 920 Mol o 2ol B
5 Uz =9 4D

T 73 Zo] AU HF UA FE7I He-
rring 5(1960)°] 62(0.0—277) ng/l, Butt &
(1964)¢ 58 #g/l, Sunderman(1967)& 22+18(1
—17) pg/1, Schaller 5(1968) 21£9(6—37) u
g/lez Jetygtony, 1970373 E94 Nomoto
9} Sunderman(1970)& HartfordFHES] HF
YAl F%7F 2.640.8(1.1—4.6) pg/lol o,
McNeely5(1972) & Hartford®ll 4 2.6+1.0(0. 8—
5.2) pg/l, Devics(1977)2 Hartfordoll A 3.1+1.
6(0.6—5.3) pg/1o 2 e}, Aol we} Hart-
fordA g FUNE9 A5 Y& =7 A7} ¢l
Atk

Spruit®} Bongaarts(1977)& F#4(10%8)7F 1.6
pg/l, AR(14%)7} 2.0pg/l, HZFEFH PAA
(1990)2 ZF=H(49% )7} 0.52+0. 34(0.01—1.64)
g/l, AAH(16% )7} 0.72£0.42(0.23—1.52) xg/l
oz Jy FEsE HAAAY FAF UZ =
2 Yeyith 1988 Sundermans& A% H
Y282 308y 84F UA F=710.2840.24
(<0.05—1.08) pg/l, 3z} SZAfelA 1.10£0.
63(0.33—2.20) pg/1E YERHTH

V. Z

67 283 AL 24 A= A wj¢
FaF FFEolth. Al AolA 67F Il
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(cancer risk)7F F71ddx 3 H(Suzuki,
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T = 3 wedg o sl 915k

vAe F¥XE LOmg/moz HE

& &X gom, & AT T8

F17 Aol glo], WS dogivh= o

A B3 Zdd A & A AEE = gl

T ostgen, I ojfE A& 1977 NIOSHeA

= &5 Aol U AR 3L 3 3

AN7te HEFEE(TWA)S 15pug/m'2 AQts)
92 tH Grandjean 5, 1988).

Quisa =533y AE7MS(Dutch Working
Group of Experts)& W3 T4, U4 7] g%
B, e AbE Yaie] 1a U Al st
BAI Fete] SAIS R FEE S0pg/m’, 15F F
kel gt A 18 £-5 E(ceiling value} S 100 pg
/m*2 FHEEEc), 19853 National Maximum
Workplace Concentration Committeed] %7} &
el M= Ao Tt EFelgt=d 2A4AE F
o] NIOSHFHES upgtoerd, A1z 7 A
Ehe] 10 pg/m*(8A1ZE 27D, 20 peg/m* (158 =
Jb)e] g4 3 E FEE AtEtdrt. olst Zol
EzdAe vetvid dan aoga g e
o wet &4 FHE Fxv dEd. ey =
Folgol BE A S st 54 5201
0. lmg/m*® A=t

2 &% gAY oA 2 el
vheFetit 5183 7 critical evaluation) & 98 o
gAY dHelgtg oAZ 43T o 19849
ACGIHA A UAZE B84 Ud 27338

r

e

o

TLVZ} 0.1mg/m’, STELL 0.3mg/m’S F#3}
Arh

1991 A ACGIH®) &4 34 ¥5& Y
g0y B84 S3FEL Img/m?, 7HEA 3HE
& 0.lmg/m’2A sl ME o 715
w=1 gl

Grandjean 5(1983)e] &slH Zzale] Eg
71Zol 7t E ¢ke) R xo) Holete A
#AE BHch

WAL #H 2 FY)%(nasal sinuses)o] 2L &
EAE BT elel 255 Fo) el FRd
(atopic dermatitis)® @& A4 32 (allergic
dermatoses)& 4ot}

oj¢f ol 2F L YZ AAd ¢ Fei
2502 3 AHAHNA FEEL HFs= ¢
Fag E UA 239 FAAES ddez B
dE A=t

Z259 T4 1 28 2 VA F
4F 28 2 U2 sxv o vez &3
o BE gle 94 ¢ 23719 98 B
. M7 Z(furnace}d] €% T 2P L matrixd)
Aolo utel 747k th2A AfEHen 3] H)
£ol4 F<r(non specific absorption)7t 7% &
A AZE £ADL A7AA 2L 130T A
122, YAL 1100CAA 1827 & 2504
53AA 943 57)He g8 22A5L 213
718 A1 71k,

Aag 4¥L 98ty Foingr Az o9
BAE st AL polyethylene tubed] 4
¢4 DEste Bastdon SFuEE glofy
= Y FYA os &7 2FEHE 24
4 AAsIgd o g nFe ARE dFE
By 238 AAstch

Aot g2 s F71F 28 ¢ UA 2%
Ao g&2 27} 95.5—108. 2%, 88.0—107.
%22 Uetgted, Adse 44 2.7-3.1%,
2.1—4.4%2 JECHE 1), g3 38 2
A Tz £49 5L 93.6—-106.4%, 91.4—
107.9% % Bon, AZLEE 1.1-7.6%, 2.4
—5.4% 0| UTH £ 2).

44 FAMEY wE N5 28 2 U 3%
© AAN A 212 2.0+2,00 pg/m?, 7.74111.75
pg/mel e, FAFZRE 35745307 ug/m’,
2.8+3. 42 g/, UABZEET 46158 ug/m’, 18.
62+4.41 pg/m’k, EFL 2.942.02 pg/m’, 1. 1%
0.47 pg/m’E e A B2 A AYGstE 22
A5 % 28 R ¥E A BdeH,
Az A YA F27t Fol Z¢] Rl u}
2t FE Zolzt YUHE 3).

gt =349 AYPIFHLE gRE doiE @
T, 2R, A, gl A8 M, BAH, Qe
2E, A, =4, BN, d=x 52 AAH,
A AL B FAL F FAY F:4
AE R EH(CM )M B mlE (M) 3x "old gl
© Adelth =3 AT AHM 288 =5
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Aoz UL qoE E 39049} 2o]
F71F AL XT3 FEE IAEX £AHoZ I
Adt. 222 E 30AMe 2o 3F7F A&
Z2 ¥-E IEZX Ugor AFX viE G4
AXg YAzd 713 488 vzen, 715 Y
A Z2 e YAz ggoz YAX Fo 4
A9 AAg] BAo] g vlHch
EER A AR8—69F (B, 1988)9 =

=
o B3 FHEZ HEEEE BY AF FF
TWA7} 0.5mg/m’, 67} A& &4 s&dE 2
284 3gEL 0.05mg/m'E LABII T 1
U Zg FAGRAA ZEY #HT $=(2.0-
3. 7ug/m’)E HEFE=E EA &

YA g #3232 d8s=s 22 YA
242 TWA7ZF 1.0mg/m?, Ni(NOs): 6H-0,
NiSO: 6H.08 z2& 71¢4d y#A sFES 0.
Img/m’E mAEHTh 23y ZE FAGFAl
A BE FE(1.1-18.6 ug/m’)E HE&F = 7l
A 2ot

BZg gz 94 2 =59 22AY
£ zzg Il YYF I == 44 0.68
+0.399 pg/l, 2.31%1.166 ug/l22 | T Aol
7b dleny, UAx z+zh 0.5210.344 pg/l, 1.
41+0.748 pg/12 F Aol7h AATHE 4).
HZz gz oz Jag =3 FAske
2& 22379 4R EAF 2E == 4
0.69+0.478 pg/l, 2.24+1.010pg/102 FIT
ol7F ARom, UAL 247} 0.7210.420 «g/l,
1.10+0.626 ug/l22 o7t gtk d71F9
238557 €3%F F345 ¥4 9L A
ng ZzF JA9F 4z 2245 IF A4
2 2 ¥3 2 2 9X39 715 YR F
7} 1.140.47 pg/m’e. 2 AT Ao F2H
of fz7e ¥HF UA vx9 Zol7t sivx
Azkd ot

APr e Bz 22xe] 3 F AF FT:
e dul, =2%, ¥AA 247 1.9810.891 ¢
g/l, 2.3941.217 pg/l, 2.32+1.069 pg/l, Y#A
FTE 1.1740.563 ug/l, 1.47£0.780 ug/l, 1.10

o~

+0.626 4g/1E YER EARH O 2= o8 4
o17} SIUTHE 5).

sEe Aol Yaskw He oYy
2 2 JAY PFoz o
2 YR Bol @ FHA Wob e BA

o5l B

w
to
19
i
ke
Loy
M

2

o

1y
ot
BN
ftl
2
ofl
"
B,
{14
ol
N
N
jl.l
e
o

|d
fru

N

o
R
G

utel zpol7b YERURA] Ftut 4w
2o AR ALY B A olzoz
£ A8 AF7 FHE F2 = o)
Foxpolzh yH, tlSo] & AGRte] ois|A
=Hoz JUdE AR AFVE ERsHEs
Frol g FFZdWo] AFe & 0%
&9 tH King, 1990).

AR B 'Zerd €JF AE =

W ¥ 63 Zth Monacelis(1956) A4
=

= 0o £ oo

O

o

2R 9
2 30 Hf I ox
fru

R

éf_]
i}
=

197402 1.62+0.31 pg/l0 2 HA=Z
242 A FA7 oS w4tk o] AL HA ¢
ANFEo] 23& 27t woF doid AR o}
Ygtz 2t

1978\ Liu®} Morris= 1.67+0.45 ug/l, Versi-
eck®} Cornelis(1978)%= 0.1640.083(0.0382—0.
351) xg/l, Kaynes(1978)-& 0.14 xg/1, Kasperek
=(1979)& 0.45+0.15pg/l, AZF AHA
(1990)& At AAFelo] 0.68+0.40(0.01—1.63)
pg/l, A7} 0.69+0.48(0.01—1.92) pug/1& =2
UERY 19783 o]F 9 EAXE I o]FE F

AAAe) F£27} ¢ 2eE & F A

doloaE: BAyl7e wdz Qg BX

goz 2 4 Utk

28 Z2g oz U@ ¥4% 28 ¥
T = 19519 Mancuso= 46 ug/l, Gafafere 50(40
—60) ug/l, A5 F3 A7 (1990) 329 3
o 2.31+1.17(0.50—6.41) pg/l, AAE 2.24+
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1.01{0. 67—4.08) pg/1°12 k. ©] dlo]ely] Hlw
of Aol E 29} 42 o] 44 & #nl ol
B3 A 7|F B2 R RS Ao
=2

2 979 Qe FY4U W F2Ee 8¥F
A pxe wizs E 73 ol Agcle €A
% YA Fx= Herring 5(1960)°] 62(0,0—277)
pzg/l, Butt F(1964)2 58 ug/l, Sunderman
(1967)2 22:18{1—17) ug/l, Schaller £(1968)
& 2129(6—37) pg/lo 2 e}, 19709 Z)

Eo]A Nomoto® Sunderman(1970)2& Hartford

s AF U4 5571 2.640.8 (1.1—4.
6) ug/lolt. F5& Z2Td Sy e
McNneely 5(1972)2 =3 U Fito] ¢3&
A9 FRe] FAF JE FE7) 4.6+1.4(2.0—
7.3) pg/lol o, dut £4 #7< HartfordF
7e €A% U S5E 2.64+000.852)u
g/le 2 et Z2Fy dlEmg Alele] Afe]z}
2k Hogetive(1976)+= U AL AA g 7%
2] £§FAHFA NN dde S2A4Y HFF Y
A FE7F5.0—-6.5ug/l, AEE3 3813 (1990)
& @2 2237F 1.4140.75(0.25—2.81) weg/],
ozt 224 1.1010.63(0. 33—2.20) pg/1S 1}
Bt 2§ TE E4dA9 Zo] EE ge
A F5 B@716 st EXE7] A s A
HAg 4 glgs]d 3 2k

el €3F 2E 2 AL o}F ngos
EA sl w2 wyle] Alad AHE ¢
e 44X (normal levels)oll thated= A A o}
th ohE AElelvh. B AEHEHQ) 2437 o
ol vieteith, QlEuicl, FAHEAL o) w}
2 & 7t Aok King(1990)2 7+ A Ao Al
o[ Alge] dis] 8BS £4 38 A4 9
stds FYH d¥HAH S S8 A3 {normal
level) 2 EAlsok ok algdu}l. a8jee 29
TANE 2E € YA Z28 FF& ZaF
of ] 2 YA el FAST Y HER gz
T dA4ste] v mad.

v.g &

2F 2 UdE AFde 97 =349 224
9 AABA T F2FEE FAHsIA o,
SEASY ¥HF 2F 2 YR ¥x8 #4438
ol MFZ =z vt AR: gL
2t

o 1x

1. 2% g& 47 5 29774 9% 3713
ZE 2 U2 % $49 35EL 7 5.9~
108.2%, 88.0—107.7%°l2oem AUxE 2,7
3.1%, 2.1—4.4%°]ch

2. BX gle €7 & B3 9% g3 %
a5 9 U ¥ ¥49 g 47 93.6—
106.4%, 91.3—107.9%0|%len AWU=E 1,1~
7.6%, 2.4—5.4%°]31c}.

3. Y FMEe g FF 22 Y U ¥
T A7 22 2,042 0 pg/m’, 7.7£11.75
pg/m’, ZEZE 35.7153.07 ug/m’, 2.843.42
pg/m’, WA ZE 4,615.8 ug/m’, 18.62+4.41 p
g/m’, EFL 2.912.02 pg/m’, 1.140.47 ug/m’
2 4§X9 77 2§ vx7t 7 msked,
UAZRAA 715 Ul FE7F o} F¢g 7AW
of atel = o]zl g1t

4. M EZ 27 32 4 =3y 222 37
o FAF 2F FEE B 0.6810.399 pg/l,
2.31£1.166 pg/1o2 {7 Alol7} glglom,
WAL Zb7} 0.5240.344 g/, 1.41+0,748 pg/l
2 Fog Aelr} gidddh

HZ2 oz o4z Jad 239G FAse
T4 23 4R 3F A8 FEE &
7} 0.6910.478 pg/1, 2.24+1,010 xg/10.2 H#9)
g o)zt ARew, YA Zd 0,7240.420 4
g/1, 1.10£0.626 pg/1©.2 2to] 7} 1At}

5. Y FAMEd wE dnl, zE2, T
slold 2279 43 3§ ¥=& 27 1.8
+0.891 ug/l, 2.39+1.217 ug/l, 2.32+1.069 u
g/lol e, AL 1.1740.563 ug/l, 1.47+0.
780 pg/l, 1.10%0.626 4g/15 JERN SH Aoz
Trej gt Aol glsich
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