HAEo-dy AR

AT

2001-23-62

4

H-RD-1-2001-23-62

"+

T

o

<0
AT

ol
10D

ol
K
D
<0
oD

e

0
40

v

e

oJ
30

—t—

<
Ll

0

or

"+

T

o

-_

N

<

—t—

oJ
)l
</



o

Al =

IALF A3

v
Ho

o

e

To-

z:gl_

A dF 9 oo

%

aH

__oﬂ.b

HE RIME AFFYH

20004 12H 15H

H3F (L oHe)

A 7 AYR

29, oley’, 942%, 344,

29", 852t oA, 43, o)ALG"

)

;2 o o

¥

g =2 st

=
- o

-*- .



g

ol

__o_H

I A

1.

1 2000 5¢ 19 - 2000 12¢¥€ 15¥ (874€)

il e

2.

SR

3.

e

No

g 5ol h)

g 5ol h)

N

Hr
B

1A AbgE 3

)

ooy



A og g7lAaEY w=EHE 223t 7

2]

A2 Tl

B w Y < o 4

Yoz H - @ e Ho
Mg B3 o X i
K0 i ol
7 AR o LN o N m
G N 14 oF booN 70
(4 o < of Ho @ Y ol
Mm Mr ol i ﬁﬂ ﬂA £N = o

o U o EN
= 2| R )
oE W B W ol s TS b
oo ok W ool g X Ho
ﬂ‘ Y M 7 K g
ﬂmo ;Iryl ot E..*y —_— ﬂ.ol 3 E.ru
B e R KT~ I i
= T N ~
TEE T w n oo ;
o % o L o
o B How° ™
Mﬁ i H o TK o K ﬂmo, ~
< % o e Ko w 2w Fi
o IS G XA T
o = N PR RO oy
o M © T 4 7 B
Az ot
o v b o = -~ ;lorﬂ
® - o T = 9o B
@ o M = Ho o B o
— - N o~ 2 q ﬂ
TR T oX o -
o g U i wTow 7w
RE o Ao K R W s =
B T w Mo T og o ooy T
o T B onomon N =
T om 3 T A P * F
Loy Ry R FEM
B o R B 2T o
BOR p = < B
moT W B o M of R o ~
T AF T o TO X Y Yol

a5, 487, 24

=L}

=

(MCH), €&l m] x|+

A d A

It

]

)
'10

(MCHO),



A 9l

e

94

s
aspartate aminotransferase (AST), alanine aminotransferase (ALT),

(BUN), total cholesterol, albumin, total bilirubin, latic dehydrogenase

alkaline phosphotase (ALP), total protein, glucose, blood urea nitrogen

vl 67F3F 3}

Tor

cRAe] 48

ERERT
o

1

kel
CL

AbA], A3t

A 674E P E
<

7ol o
qgAow WEgy 6712F (2

[}

]

AY2

=

6. &&A Y
L.

B

Ll
H

Tor

2t 6712

—_

o

s

olo

tol AA L2kl A

A A] 3]

X
=

7t 67F=L



B

7K
o

Hr
)
oF
i

oy
)

B

N

Ho

7HAkE Al

3

aTMeL

7.

—~
file)

.F_H

Al

1.

9
el

AbA], Y3}

—~
10

A

ol

Zy 226, 474 el =

< ¢F 60.0 %ol ATt

B/

o}

<

il

A

Ho

Lo ¢F 900 %, =

ol

e

M
Ho
iat

Njo

ﬁo

_iv_



of o

I

o
Ny

ia}
Nfo
el

N

!

o 17} o 05 ol 9tk

AE5%E

=
K3

48T

_EH

o

o}l o] A $-o = 0.859 (P<O.0DE A

e2

-
_ZE
H

_]t
b

,.__wo

e

—~
o

N

_,%
T

)

=

N

il

k!
B
fife)
~
Nlo
|
)

s
o)
B

)

=
pai

il
"

I

ﬁo

N

do

il

_EH

Al =7 UERsE T

A=

A}

WA LDH (Latic

)

dehydrogenase)2] ®

.fo_.h

ia}

puze)

olm

AT = -0.836 (P<0.05)°]



0.873

0.930 (P<0.01),

(P<0.01)e] At

-
R

sk A

Al 7] 2

9ot

iI=E
d- =

] A

foamy & Bl 2] macrophage”} ¥ 9]

macrophage<=7}

A 71 8]

F oy foamy

7}&

=
[}

W] macrophages7}

NI F

[ez]
=2

A Il A

€] 2] macrophage

—_—

~

N
N

)

BR
fite)
o

o

el

AW vacuole©]

-
X

ol vEbter 3t A

=
o

8. 4o

o

_EH

)

_Vi_



i
N

- vii -



1
Vil

J_AO
B
o

o
all

ol
=

g

=0
R
<

Mo

mK

2]

N

O

A

M
it

Nfo
o

7&/\]_

S|
&

12

R

0
_E_H

= viii -



=y
T
i~
oF
Nfo
o
U

gl
<
;OH_
o
mn

14

16
28
36
44

2

I
Ho
ia}

Nfo

L

e

ol

Ny
H

iat

4. 6712

5 67F3% 3}

44
45

;O._

1}, Liver (1)
t}. Kidney (

46

XO
<7

46

g}, Testis (A %)

46

7] AE

5
=]

<

=1

47

XO
ed

v}, Kidney (

A}, Liver (7F) 47

o}. Testis (

48

)

d 2

s

49
o2

il
eyl

Al 4

Y

o
ol

™

.ZU

63

Appendix

64

Figure

_ix_



Table & =}

Table 1. Airborne hexavalent chromium concentration in inhalation
chamber exposed to sodium chromate «::eeeeeeeeeeeeeee:

Table 2. Airborne hexavalent chromium concentration in inhalation
chamber exposed to zinc chromate

Table 3. Mass median diameter (MMD) of hexavalent chromium of
sodium chromate and zinc chromate «:::eseeeeeeeeeeeecee ..

Table 4. Comparative with mean concentration of airborne total
hexavalent chromium and respirable chromium
concentration

Table 5. Mean chromium concentration in urine of rats exposed to
sodium chromate and zinc chromate by chromium
exposure  level

Table 6. Mean chromium concentration in whole blood of rats
exposed to sodium chromate and zinc chromate by
Chromlum exposure |eve| et e ses se e eee ses ses sse seeses ses assses san

Table 7. Mean chromium concentration in erythrocytes of rats exposed to
sodium chromate and zinc chromate by chromium exposure
level

Table 8. Mean chromium concentration in plasma of rats exposed to
sodium chromate and zinc chromate by chromium exposure
level

Table 9. Mean chromium concentration in urine, whole blood, erythrocyte
and in plasma of rats low exposed to sodium chromate by
exposure duration

Table 10. Mean chromium concentration in urine, whole blood, erythrocyte
and in plasma of rats high exposed to sodium chromate by
exposure duratlon ee ese cssses sse sae e cses esecssses ene

13

14

15

16

18

19

20

21

22

23



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

11.

12.

13.

14.

16.

19.

20.

21.

Mean chromium concentration in urine, whole blood, erythrocyte
and in plasma of rats low exposed to zinc chromate by
exposure duration

Mean chromium concentration in urine, whole blood, erythrocyte
and in plasma of rats high exposed to zinc chromate by
exposure  duration

Correlation coefficient matrix between selected study variables of
exposed to Sodlum Chrornate e ce e eee ces see seeses see s
Correlation coefficient matrix between selected study variables of
exposed to ZInC Chrornate ceeeen e e ees see see ses see sessee ses

. Mean of WBC, RBC, Hb, Hct by exposure level of sodium

chromate

Mean of WBC, RBC, Hb, Hct by exposure level of zinc
chromate . . . .

Mean of MCV, MCHC, MCH, PLT by exposure level of zinc
chromate SRR ceeee

Mean of RBC, Hct, MCV, MCH, PLT in rats exposed to low
concentration of zinc chromate by exposure duration «----

Correlation coefficients between selected study variables
in rats exposed to sodium chromatge «=:eeeeerrrreeeeeeeeeees

Correlation coefficients between selected study variables
|n rats exposed ’[O ZlnC Chromate ess sev ess ses evs soe e s an

Mean concentration of total protein (TP), blood urea
nitrogen  (BUN), total  bilirubin  (T-Bil), alanine
aminotransferase (ALT) in rats by exposure level of
SOdiUm Chl’oma’[e

_xi_

25

26

27

28

30

30

31

32

34

35

37



Table 22. Mean concentration of Aspartate aminotransferase (AST),
Latic dehydrogenase (LDH). Alkaline phosphatase (ALP),
Glucose (GLU), Total cholesterol (TCHO) in rats by
exposure level of sodium chromate «-eoreeeerereereeeeeeeees

Table 23. Mean concentration of total protein (TP), blood urea

nitrogen  (BUN), total  bilirubin  (T-Bil), alanine
aminotransferase (ALT) in rats by exposure level of zinc
Chromate e e e e see ses see see cee ses s e s sae see see eee see ses ces see seesee see aen

Table 24. Mean concentration of Aspartate aminotransferase (AST),
Latic dehydrogenase (LDH). Alkaline phosphatase (ALP),
Glucose (GLU), Total cholesterol (TCHO), in rats by
exposure level of zinc chromate ««««-«xeexeee

Table 25. Correlation coefficients between selected study variables
in rats exposed to sodium chromate ««««weweeemeseeeeeeeeee

Table 26. Correlation coefficients between selected study variables
|n rats exposed to ZlnC Chromate et eteceeses et cesses sne e e

- Xii -

38

39

40

42

43



A, deAd 974, B4 AE Fol TAHY v =FAlde Hos

FrEA 7l (WHO, 1988; Langard &, 1990) Htele AxEW Fd54S

A7l EA22 Humo dul (Wetterhan 5, 1989; Ryberg®} Alexander,
1990; Capellmann®} Bolt, 1992).
8 Ut =55 (1998)= 37 5 784 L ¥ 584 671275 wE27F

= 005 mg/m'= G v AAAY HE7FA 3] (American Conference
of Governmental Industrial Hygienists, ACGIH, 2000)°|A+= ®v]|<+=8&A 67}=2
ol teiM = 00Img/m'= A8, =84 2 HF8&4 67FaF e
tiate] “QUIA] s FEAIIE AT AR EFsta ok I v
oy Akdord BRI (National Institute for Occupational Safety and
Health, NIOSH, 1994)ol 4= ey =4l 67kl tiskel 0.001 mg/m'E
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3L i obg] Ao += PVC filter (pore size 5.0 gm, 37 mm)S F2sto] 215 &
A vk A4 AFH FE5S FdFS5 1540005 ¢ /mine

= A e g9 557 fjAelA 4430

=
off
r o
=
ot
N
o
>
it
i
v
N
ol
20

2 9e AAte] A5

I

(K

FYdAe] 7] E¥xE d4EE 2392 (log-probability graph)ol A &}



of ALF¢ 274 (mass median diameter, MMD)¢} 7]3}E =332} (geometric
standard deviation)E Tt =, AF YA A AAEE F+4 s=H 50 %
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TEAH T2 ol Simpson’s ruleo] ¢ & A=39th (Appendix).

(RFy + 4RFmp + RFw)

o] Ao RF= A =AFH7] 24 GAEE
A7) 2JEES Dake A, 12 2 Ao ] AL F e AFAA
of f& AAZAAE T 33 =Z713A (lower limit, 1)o] L ulS A3k 7|34
(upper limit, u)°]l™ mpe 8t} AFst A 7]gkAl o] F3tolt),

PVCo ##] ¢} mylar substrateo] AFH3 LEHAA 67135 T2 B4
Wang & (1997, 1999)e <jaf M= 7ide A%<l ultrasonication and
strong anion-exchange solid phase extraction method®l] <2]3slo] A A&} T}
=, 7FAA AAE AEE 1oml Hgh2E 44 g Fe] &AA 10me
0.0oM (NH4)2S0,/0.00M NH,OH (pHS) %8 10 mE H7s *= A2
(<40TC)ol A 302 &<t ZFTAH7ANA A AT 279 E3) & Ao
o] 3 mE strong anion exchange Z}E Ao ¥lth 3 ml S=HFTE A FH3

T 671252 7% 2 ml/minel A 0.5M (NHy)-SO,0.1M NH,OH (pHS) %8
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Table 1. Airborne hexavalent chromium concentration in inhalation chamber
exposed to sodium chromate

unit : mg/m’
Exposure o. of Sodium chromate
duration Low exposure High exposure
sample

(week) GM (GSD) Median GM (GSD) Median

1 5 0.151 (1.15) 0.147 0.813 (1.32) 0.855

2 5 8 (1.39) 0.154 0.776 (1.32) 0.741

3 5 5 (1.26) 0.147 0.794 (1.32) 0.897
Total 15 6 (1.20) 0.177 0.794 (1.29) 0.855
p-value’ 0.452 0.959

GM (GSD) : Geometric Mean (Geometric Standard Deviation)
* . ANOVA test
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Table 2. Airborne hexavalent chromium concentration in inhalation chamber
exposed to zinc chromate

unit : mg/m’

Exposure Zinc chromate

No. of

duration Low exposure

GM (GSD) Median
0.128
0.133
0.131
0.130

High exposure
GM (GSD) Median
0.457 (1.23) 0.471
0.468 0.432
0.463 0.467
0.463 0.457

sample

(week)

1
2
3
Total

1.41
1.33

(
(1.
(
(1.35

)
)
17 )
p-value’

GM (GSD) : Geometric Mean (Geometric Standard Deviation)
* . ANOVA test

7y 226, 4.74 mme]

2] o] =A YErsHh

7} W, 2%
1}

O

k

=
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Table 3. Mass median diameter (MMD) of hexavalent chromium of sodium
chromate and zinc chromate

unit : gm
MMD
Solubility
No. of Sample MMD GSD
Sodium chromate 12 2.26 214
Zinc chromate 8 474 4.01

MMD : Mass Median Diameter
GSD : Geometric Standard Deviation

Marple personal cascade impactorE ©|-&3to 43 7] T &4 67
aAE FEe 7|3 HHAE =EFoEHE el Z23s w4 2o 254

HEFS FUxEAY EFY 6718 R ARPEFAE ABETA

AFA oS Y =E2AT 54 671AF vEE AFETolA] 0.083 mg
/m', Aol A 0230 mg/meolen ALy aFdolA F 67FAE

stk 3FA 67F2E e WSS 77 659, 59.1 %E UEHL
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Table 4. Comparative with mean concentration of airborne total hexavalent
chromium and respirable chromium concentration

unit : mg/m’
(1) Total hexavalent (2) Respirable @)/(1)
Chromium compound
GM GSD GM GSD (%)
Sodium chromate
Low concentration 0.178 1.18 0.166 1.18 93.3
High concentration 0.891 1.02 0.79%4 1.02 89.1
p-value* 0.000 0.000
Zinc chromate
Low concentration 0.126 1.18 0.083 1.18 65.9
High concentration 0.389 1.07 0.230 1.07 59.1

p-value* 0.000 0.000

GM (GSD) : Geometric Mean (Geometric Standard Deviation)
* I t—test

Zy 12292 pg/g (4168 - 204.17 pg/g creatinine), 710.39 pg/g creatinine
(346.73 - 954.99 ug/g creatinine)o] L thZH T} Z+ZF 35, 20.38) =A o
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461.74 pg/g (269.15 - 602.56 ug/g creatinine), 2240.27 ug/g creatinine
(97723 - 3715.35 pug/g creatinine)©] %13t

et

2}2}

15.6, 75.7¢ =4l

/0 (1698 - 4897 ug/ ¢ ), 22913 pg/ ¢ (15848 - 346.74 ug/ ¢ )o)QaL A At

ﬁo

¢ (17.38 - 56.23 pg/¢), 251.19 pug/ ¢ (100.00 - 794.33 pug/ ¢ )°]

Z+7} 36.19

ol A

pe/ 2 (2239 - 87.09 pg/ ), 36898 pg/ ¢ (234.42 - 549.54 pg/ ¢ )o1AL Al

A 242y 1743 peg/ ¢ (1096 - 37.15 pg/¢), 139.25 pg/ ¢ (33.11 - 512.86 pg/ )

829 (5,75 - 1549 ug/ ¢ ), 64.19 pg/ ¢ (46.77 — 83.18 pg/ ¢ )AL

ﬁo

il

2250 pg/ ¢ (13.80 - 34.67 pg/¢), 13750 pg/ ¢ (6457 - 37154 pg/?)

72

-
T
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Table 5. Mean chromium concentration in urine of rats exposed to sodium
chromate and zinc chromate by chromium exposure level

unit © ug/g creatinine
Sodium chromate Zinc chromate

Exposure level No No
GM (GSD) Range GM (GSD) Range

Control 20 34.95 (1.95) 21.88~134.89 20 2959 (1.26) 21.38~38.90
Low exposure 20 122.92 (1.82) 41.68~204.17 20 461.74 (1.38) 269.15~602.56

High exposure 20 710.39 (1.45) 346.73~954.99 20 2240.27 (1.62) 977.23~3715.35

= 0.000 0.000
* ANOVA test
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Table 6. Mean chromium concentration in whole blood of rats exposed to
sodium chromate and zinc chromate by chromium exposure level

unit : «g/g creatinine
Sodium chromate Zinc chromate

Exposure level No No
GM (GSD) Range GM (GSD) Range

Control 15 0.34 (1.70) 0.13~0.81 15 0.74 (1.26) 0.46~0.98
Low exposure 15 23.81 (1.35) 16.98~4897 15 32.78 (1.45) 17.38~56.23
High exposure 15 229.13 (1.26) 158.48 ~346.74 15 251.19 (2.04) 100.00~794.33

P 0.000 0.000
* ANOVA test
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Table 7. Mean chromium concentration in erythrocytes of rats exposed to
sodium chromate and zinc chromate by chromium exposure level

« unit : ugl 0

Sodium chromate
Exposure level

Zinc chromate

No. GM (GSD) Range No.

GM (GSD) Range

Control 15 0.51 (1.26) 0.36~0.87 15
Low exposure 15 36.19 (1.45) 22.39~87.09 15
High exposure 15 368.98 (1.26) 234.42~549.54 15

¥

P 0.000

0.14 (1.26) 0.10~0.22

17.43 (1.48) 10.96~37.15

139.25 (2.29) 33.11~512.86
0.000

T

ANOVA test between control and low, high exposure group
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Table 8. Mean chromium concentration in plasma of rats exposed to sodium

chromate and zinc chromate by chromium exposure level

ug/ b

unit -

Zinc chromate

No. GM (GSD)

Sodium chromate

No. GM (GSD)

Range
0.03~0.63

Range
0.01~0.03

Exposure level

15 0.18 (2.19)

15 0.02 (1.55)

Control

15 829 (129) 575~1549 15 2250 (1.38) 13.80~34.67

Low exposure

64.57 ~371.54

15 137.50 (1.86)

High exposure 15 64.19 (1.20) 46.77~83.18

0.000

0.000

* ANOVA test

ﬁo

ﬂn_wo

ijN

A

o

ﬁo

ol
)

=7 e
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Table 9. Mean chromium concentration in urine, whole blood, erythrocyte and in
plasma of rats low exposed to sodium chromate by exposure duration

Cr in urine Cr in whole blood Cr in erythrocyte Cr in plasma
Exposure .
_ (uglg creatinine) (ugl 2 ) (ugl 2 ) (ugl 2)
duration
(week) GM (GSD) GM (GSD) GM (GSD) GM (GSD)
1 189.19 (1.10) 19.87 (1.17) 27.78 (1.26) 8.35 (1.15)
2 145.20 (1.12) 24.23 (1.15) 36.80 (1.20) 6.90 (1.12)
3 163.42 (1.07) 28.03 (1.55) 46.36 (1.66) 9.87 (1.35)
P 0.000 0.217 0.091 0.051

NO. of rats is 5 rats per each group
» ANOVA test
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Table 10. Mean chromium concentration in urine, whole blood, erythrocyte and in

plasma of rats high exposed to sodium chromate by exposure duration

Cr in whole blood Cr in erythrocyte Cr in plasma

Cr in urine
(ug/g creatinine)

(ugl 2)

(ug/ 2 )

(ugl 2)

Exposure

duration

GM (GSD) GM (GSD) GM (GSD)

GM (GSD)

(week)

175.07 (1.10) 273.59 (1.12) 66.90 (1.15)

934.76 (1.05)

1

255.21 (1.12) 419.08 (1.10) 62.69 (1.23)

385.74 (1.10)

2

269.22 (1.17) 437.93 (1.15) 63.11 (1.26)

840.43 (1.10)

3

0.854

0.000

0.000

0.000

NO. of rats is 5 rats per each group

* ANOVA test

il

ﬂo

A

.fo_,h

UeEld A3 = Figure 1

AEEFEHE
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=
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%
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Ratio of erythrocyte Cr to blood Cr

2.00
77
ﬁ,ﬁ/ﬂuu_“t,.w- 1.62
1.50 - I——— 2L
14077
1.00
M T & 0.69
0.50 AU.JU ---- AO49——
0.00 ! ! !
1 2 3
Exposure duration(week)
---¢-- Low(sodium chromate) — —High(sodium chromate)
- -& - Low(zinc chromate) —=<—High(zinc chromate)

Figure 1. Ratio of erythrocyte chromium concentration to whole blood
chromium concentration at 1,2,3 weeks in rats inhalation exposed to sodium
chromate and zinc chromate

Figure 1. Ratio of erythrocyte chromium concentration to whole blood
chrominum concentration at 1, 2, 3 weeks in rats inhalation
exposed to sodium chromate and zinc chromate.

_24_



b
rf
>,
no
-
2
i)
ol
[
it
off
ki
-3
=
ot
)
i)
-
oi\
[
alil
off
ki
I
rr
12
a
_O,
o
o

SHS 1,2 350 FY=EANY F AY F agFEe O 49T F A8
FEUE ¢ 05 FFEOR =E/T HE F4E B A/t

Table 11. Mean chromium concentration in urine, whole blood, erythrocyte and in
plasma of rats low exposed to zinc chromate by exposure duration

Exposure Cr in urine Cr in blood  Cr in erythrocyte Cr in plasma
duration  (ug/g creatinine) (ugl 2) (ugl 2 ) (ugl 2)
(week) GM (GSD) GM (GSD) GM (GSD) GM (GSD)
1 419.47 (1.48) 21.59 (1.15) 11.98 (1.10) 15.48 (1.10)
2 330.14 (1.26) 39.55 (1.35) 18.86 (1.58) 25.83 (1.29)
3 572.80 (1.12) 41.24 (1.23) 23.45 (1.26) 28.50 (1.45)
P 0.002 0.001 0.012 0.000

NO. of rats is 5 rats per each group
" ANOVA test
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Table 12. Mean chromium concentration in urine, whole blood, erythrocyte and in
plasma of rats high exposed to zinc chromate by exposure duration

Exposure Cr in urine Cr in blood Cr in erythrocyte Cr in plasma
duration  (zg/g creatinine) (ug/ 2) (ugl 2 ) (ug/ 2)
(week) GM (GSD) GM (GSD) GM (GSD) GM (GSD)
1 1095.97 (1.17) 114.74 (1.12) 55.49 (1.38) 78.85 (1.15)
2 2125.69 (1.07) 333.73 (1.66) 201.23 (1.48) 154.63 (1.95)
3 3288.52 (1.29) 414.48 (1.70) 241.82 (2.09) 213.26 (1.66)
P 0.000 0.001 0.001 0.022

NO. of rats is 5 rats per each group
" ANOVA test

= X 13, 149 Zh &, AEA YEEFS =341 dAATAA JE ST AE
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Table 13. Correlation coefficient matrix between selected study variables of exposed

to sodium chromate

Log Cr-A Log Cr-R Log Cr-U Log Cr-B Log Cr-E Log Cr-P

Log Cr-A
Log Cr-R
Log Cr-U
Log Cr-B
Log Cr-E
Log Cr-P

1.000

0.960"
0.824"
0.942"
0.946"
0.937"

1.000

0.916"
0.961"
0.952"
0.981"

1.000

0.798"
0.825"
0.665"

1.000
0.994" 1.000

0.982" 0.980"

1.000

LogCr-A : Log hexavalent chromium in air(mg/m*)

LogCr-R :
LogCr-U :

LogCr-E :
LogCr-P :
“:p <00

Log respirable hexavalent chromium in air(mg/m*)
Log Cr in urine(xe/g creatinine)
LogCr-B : Log Cr in whole blood(ug/ ¢)

Log Cr in erythrocyte(ug/ ¢)
Log Cr in plasmal(ug/ ¢)

1
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Table 14. Correlation coefficient matrix between selected study variables of exposed
to zinc chromate

Log Cr-A Log Cr-R Log Cr-U Log Cr-B Log Cr-E Log Cr-P

Log Cr-A 1.000

Log Cr-R 0.947" 1.000

Log Cr-U 0.772" 0.864" 1.000

Log Cr-B 0.781" 0.893" 0.985" 1.000

Log Cr-E 0.752" 0.859" 0.978" 0.991" 1.000

Log Cr-P 0.778" 0.891" 0.973" 0.985" 0.983" 1.000

LogCr-A : Log hexavalent chromium in air(mg/m*)

LogCr-R : Log respirable hexavalent chromium in air(mg/m’)
LogCr-U : Log Cr in urine(xg/g creatinine)

LogCr-B : Log Cr in whole blood(ug/ ¢)

LogCr-E : Log Cr in erythrocyte(us/ ¢)

LogCr-P : Log Cr in plasma(ug/ ¢)
" p <001
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Table 15. Mean of WBC, RBC, Hb, Hct by exposure level of sodium chromate

Exposure No. of X
P O WBCT (10°%0) RBC (10°28) Hb (g/d?) Mot (%)
Level Animals

Control 20 7.164£1.37 7914045 1456+0.70 44.43+2.46

Low exposure 20 7105236 8.065+0.42 14.52+0.68 44.55%+2.30

High exposure 20 8.877£1.57 8.178+0.54 14.95+0.67 45.40+2.30

» 1 P<0.01 by ANOVA test

Table 16. Mean of WBC, RBC, Hb, Hct by exposure level of zinc chromate

Exposure No. of
P % WBC (10°#4) RBC (10°%48)  Hb (g/de)  Het (%)
Level Animals

Control 20 4455127 7.993+048 14.34+0.76 44.03+2.23

Low exposure 20 5520+1.28 8.025+0.45 14.63x0.50 44.21+2.13

High exposure 20 7.340£2.16  8.159+0.40 14.74+0.51 44.48+1.96

« 1 P<0.01 by ANOVA test
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Table 17. Mean of MCV, MCHC, MCH, PLT by exposure level of zinc chromate

Exposure
f | MCV (f#) MCH (pg) MCHC (g/d?)  PLT (10°4)
eve

Control 55.16+2.34 17.96+0.78 32.59+0.90 1036.5+93.1

Low exposure  55.15%2.21 18.26+0.65 32.12£1.11 1039.8+125.1

High exposure  54.57+2.35 18.09+0.58 33.17+0.74 1118.2%£117.9

» 1 P<0.05 by ANOVA test
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Table 18. Mean of RBC, Hct, MCV, MCH, PLT in rats exposed to low

concentration of zinc chromate by exposure duration

RBC”

Exposure

MCV™ (f¢) MCH" (pg) PLT™ (10°4)

Hct (%)

(10°18)

duration(week)

7.886+0.45 4534+1.85 57.56+2.19 18.58+0.61 1040.6+74.7

883.2+75.2

7.600+£0.19 42.06+1.17 55.36+2.07 18.70+0.51

2

8.307£0.35 44.71£1.98 53.83+1.06 17.87£0.52 1117.7+87.5

3

: P<0.01

- P<0.05, *

*
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Table 19. Correlation coefficients between selected study variables in rats

exposed to sodium chromate

LogCr-A  LogCr-R  LogCr-U LogCr-B  LogCr-E  LogCr-P
WBC 0.357" 0.417 0.337" 0.420" 0.423" 0.414
RBC 0.123 0.127 0.214 0.222 0.231 0.381"
Hb 0.291 0.315 0.162 0.258 0.255 0.459"
Hct 0.185 0.185 0.172 0.127 0.157 0.196
MCV 0.076 0.069 -0.071 -0.153 -0.128 -0.301
MCH 0.220 0.247 -0.024 -0.038 -0.056 -0.027
MCHC 0.148 0.187 -0.056 0.180 0.120 0.423
PLT 0.160 0.140 0.038 0.163 0.174 0.245
LogCr-A : Log hexavalent chromium in air (mg/m’)
LogCr-R : Log respirable hexavalent chromium in air (mg/m*)
LogCr-U : Log chromium in urine (uzg/g creatinine)
LogCr-B : Log chromium in whloe blood(ug/ ¢ )
LogCr-E : Log chromium in erythrocyte(ug/ ¢ )
LogCr-P : Log chromium in plasma(ug/ ¢ )
* 1 P<0.05, = : P<0.01
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Table 20. Correlation coefficients between selected study variables in rats
exposed to zinc chromate

LogCr-A  LogCr-R  LogCr-U LogCr-B  LogCr-E  LogCr-P

WBC 0.396" 0.433" 0.572" 0.530" 0.508" 0.518"
RBC 0.184 0.101 0.164 0.307" 0.351" 0.314°

Hb 0.220 0.057 0.257" 0.350° 0.377° 0.381"
Hct 0.141 -0.010 0.071 0.127 0.149 0.153
MCV -0.083 -0.139 -0.137 -0.252 -0.260 -0.231
MCH -0.067 -0.105 0.058 -0.058 -0.083 -0.031
MCHC 0.036 0.078 0.268" 0.292 0.273 0.292
PLT 0.230 0.231 0.275 0.244 0.187 0.180

LogCr-A : Log hexavalent chromium in air(mg/m’)

LogCr-R : Log respirable hexavalent chromium in air(mg/m*)
LogCr-U : Log chromium in urine(ug/g creatinine)

LogCr-B : Log chromium in whloe blood(ug/ ¢)

LogCr-E : Log chromium in erythrocyte(ug/ ¢ )

LogCr-P : Log chromium in plasma(usg/ ¢)

* 1 P<0.05, = @ P<0.01
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Table 21. Mean concentration of total protein (TP), blood urea nitrogen (BUN),
total bilirubin (T-Bil), alanine aminotransferase (ALT) in rats by
exposure level of sodium chromate

Exposure No. of TP BUN T-BiIl ALT
Level Animals (g/d2) (mg/d?) (mg/d?) (Iu/ 2)
Control 5 6.47+0.18 16.4+1.4 0.02+0.06  28.00+10.00
Low exposure 5 6.53+£0.24 16.1+£1.5 0.05+0.06 27.20+£3.27
High exposure 5 5.89+0.11 17117 0.07+0.02 22.50+0.71
P 0.099 0.800 0.466 0.433

Mean * Standard Deviation (M*SD)
P" : Kuskal-Wallis test
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Table 22. Mean concentration of Aspartate aminotransferase (AST), Latic
dehydrogenase (LDH). Alkaline phosphatase (ALP), Glucose (GLU), Total

cholesterol (TCHO) in rats by exposure level of sodium chromate

Exposure No. of AST LDH ALP GLU TCHO ALB
Level Animals (JU/2¢) (1IU/¢) (IU/ ¢) (mg/d2) (mg/d2) (g/df)
78.2 300.1 226.4 126.2 61.8 3.48

Control 5 03 %797 419  +162  +90  +008
Low 5 73.2 3134 246.6 113.6 62.8 3.50
exposure +10.8 +61.6 +88.1 +21.6 +12.8 +0.10
High 5 69.5 295.5 193.0 109.0 58.0 3.25
exposure +0.7 +12.0 57 +28.3 57 +0.21
P 0.373 0.966 0.221 0.324 0.793 0.187

Mean + Standard Deviation (M£SD)

P" : Kuskal-Wallis test
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Table 23. Mean concentration of total protein (TP), blood urea nitrogen (BUN),
total bilirubin (T-Bil), alanine aminotransferase (ALT) in rats by
exposure level of zinc chromate

Exposure No. of TP BUN T-BiIl ALT
Level Animals (g/de) (mg/d2) (mg/de) (IU/2)
Control 5 5.82+0.25 14.60+254 0.18+0.04 34.20+2.68
Low exposure 5 6.10+0.10 14.18%159 0.16%x0.05 31.60+3.36
High exposure 5 6.34+0.38 13.70+1.19  0.16+0.05 31.60+9.07
P 0.041 0.796 0.756 0.332

Mean * Standard Deviation (M£SD)
P" : Kruskal-Wallis test
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Table 24. Mean concentration of Aspartate aminotransferase (AST), Latic
dehydrogenase (LDH). Alkaline phosphatase (ALP), Glucose (GLU), Total
cholesterol (TCHO), in rats by exposure level of zinc chromate

Exposure No. of  AST LDH ALP GLU TCHO ALB
Level Animals (U/¢) (IU/¢) U/ ¢) (mg/de)  (mg/de)  (g/df)

Control 5 10720  503.00 220.00 104.40 50.40 3.80
£11.32  +140.76  £27.63 +13.96 7.2 +1.30

Low 5 90.60 261.40 212.40 113.40 46.82 3.70
exposure +14.35 +62.48 +46.21 +17.36 +3.9 +0.10
High 100.4 550.20 207.40 125.40 46.60 3.40
exposure +8.65 +65.58 +110.10 +17.36 6.2 +0.60
P’ 0.229 0.011 0.811 0.264 0.520 0.757

Mean * Standard Deviation (M+SD)
P" : Kruskal-Wallis test
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Table 25. Correlation coefficients between selected study variables in rats
exposed to sodium chromate

LogCr-A  LogCr-R  LogCr-U LogCr-B  LogCr-E  LogCr-P

TP -0.676 -0.836" -0.487 -0.436 -0.402 -0.841°
BUN 0.069 0.334 0.088 0.030 -0.014 0.328
T-Bil 0.369 0.185 0.286 0.337 0.330 0.377
ALT -0.517 -0.649 -0.285 -0.222 -0.192 -0.490
AST -0.249 -0.201 -0.274 -0.292 -0.290 -0.108
LDH -0.375 -0.170 0.037 0.055 -0.003 -0.289
ALP -0.195 -0.342 -0.052 -0.013 0.012 -0.318
GLU -0.093 -0.106 -0.372 -0.419 -0.367 -0.021

TCHO -0.429 -0.214 -0.130 -0.090 -0.164 -0.289
ALB -0.572 -0.716 -0.423 -0.396 -0.378 -0.806°

LogCr-A : Log hexavalent chromium in air(mg/m*)

LogCr-R : Log respirable hexavalent chromium in air(mg/m*)
LogCr-U : Log chromium in urine(uzg/g creatinine)

LogCr-B : Log chromium in whloe blood(xg/ #)

LogCr-E : Log chromium in erythrocyte(ug/ ¢ )

LogCr-P : Log chromium in plasma(ueg/ ¢)

* 1 P<0.05, = @ P<0.01
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Table 26. Correlation coefficients between selected study variables in rats
exposed to zinc chromate

LogCr-A  LogCr-R  LogCr-U LogCr-B  LogCr-E  LogCr-P

TP 0.346 0.436 0.698" 0.684" 0.546 0.677"
BUN -0.083 -0.188 -0.239 -0.230 -0.378 -0.185
T-BIil 0.058 0.000 -0.227 -0.205 -0.122 -0.154
ALT 0.138 0.000 -0.260 -0.282 -0.247 -0.255
AST 0.491 0.420 -0.293 -0.323 0.302 -0.360
LDH 0.919” 0.930" 0.012 0.023 0.873" 0.003
ALP 0.174 -0.033 -0.003 —0.031 0.157 -0.017
GLU 0.356 0.360 0.472 0.447 0.228 0.453
TCHO -0.104 -0.022 -0.298 -0.289 -0.088 -0.279
ALB -0.294 -0.404 -0.422 -0.419 -0.493 -0.379

LogCr-A : Log hexavalent chromium in air(mg/m’)

LogCr-R : Log respirable hexavalent chromium in air(mg/m)
LogCr-U : Log chromium in urine(xg/g creatinine)

LogCr-B : Log chromium in whloe blood(xg/ ¢ )

LogCr-E : Log chromium in erythrocyte(ug/ ¢ )

LogCr-P : Log chromium in plasma(ug/ ¢)

* 1 P<0.05, = : P<0.01
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& #olE Holx Yrtirt (Fig. 3-5) 2F Aol E S 7M1 AFA9 71 A7
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(Fig 3-6, 3-7).
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Appendix

ACGIH Definition of Respirable Mass Fraction by Particle Size

(1) Size Range(um)

(2) Respirable Fraction(%)

Average

Stage Lower Mid Upper Lower Mid Upper Respirabi:) Fraction
1 21 355 50 0 0 0 0
2 15 18 21 0 0 0 0
3 10 12.5 15 0 0 0 0
4 6 8 10 30.5 6.4 -17.7 0.0642
5) 3.5 4.75 6 60.7 45.6 30.5 0.4562
6 2 275 35 788 69.7 60.7 0.6974
7 0.9 1.45 2 92.0 85.4 78.8 0.8541
8 0.5 0.8 09 969 93.3 92.0 0.9446
Backup 025 038 05 999 98.3 96.9 0.9838
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