y /

2bo p el S3591 98 5l 5l gl 5 S sl el gy g3 0 gua SliAs gl Gl B ey 3

ot g paie 55

4 ks

S 2l 5 Gl odd ls 5l 5 R Dl 4 il e (Sa T 4 g L 1S g il
e g 4 GRS (pl (el 2Bl g Lap el S5 2 Fge sla bl e gl (S Slades )
(25 plonil ale gl K595, 000 Bl 5 S o sla gl g e il gaclile U

Lap el 23 5 plomil o BV AAEVY Lo e 055 b (2l Vil 555 (228 oo & Goios B GAg ) 9 S1ge
2osm b ol Gl U 5 S esls Spslme es pliaa V0 5 00 N0 /) o gbackls )
oMo 4 .35 5 bl Sslas sy 5 ek A e S g bap sl (S (sl el
w2 5 plowl 5 Sl g 2SN O Sy S S el b (g5 5 0 sl sy

JS gl Iy 2,55 sl g sl 3 1) (sl BB (55958 0 Dl kS g 45 sl DL Godows $LAL
SN ol g /) il g el eled S s s S edalie YU 4 eg plg g 0 slac ke s e
b edalin S 0y 8 4 o Lap el O 1 Fe Jalse 3 )l e

K 36 e el 08 o el S 55 oS GlaclilE 55 o s G e HBANOG g (5 T A
LS sbul | gledalie BB (5555 0 Dl kS NS P (S Slagtenn Slge Gob Sl esdle 4
BL 4 3B p ol &S 5 pd 0 Eologr b pled J1 s bap sl (S o Cled m e g JolS B8l e

A3 0T 03,5 a5k 5 0T 4 sy, (Sasu

k o S (S o sl el gl S50IS G 31 /

QL’J‘\S &é.::}; r}l& e@': ‘63,95.9'.’.}.‘.5 oj;—\



I A

oS b p gl 5IUT s 51 e3linal S dins oo
Computer Assisted Sperm Analysis, ) 5 sS
3 pal Sl on gl (CAS4
2 0Fe DI N SE s o 4
5 ds Klg e pal S ol gl G
5035 Al 1y edd ol Sl (g pdy )l S5
3 e Sl 4 Cad il SN
4 S0 ams L5 lasl s 1, aws
2 A3 belse 3l Fp s IS S Sl
e S b s s el S
FG3 seap @lp Ps (10) ol oad 515
R 3 el 03 edd JRe (S la )l
05 b p el el 5 (B0 PP Ol i

s S el 5 (b addlas ol

Boigy g o9

Pl el g8 (b L s
VA £V bugs 059 b Clarias gariepinus
Sl J515 ol g g b g o3 B g p S
A dui@-? Loits

0r A0 /) o glac e b e
IF Sl 4z s Vo gles ss ager plan Nt
3 oGS sl A 4SS el YE gl
oyt ol (O b lad 3155 Lap el DS Jla
SIS (extender) ok ugss lases 5 o b
el & Wb bap sl 03,5 Wb (12 (V1) ws
) s S 23 3 o ol 45 55 Gl
£r J L cwl s 56 slyls (BX 50 Olympus
ool UCD 290, Tkegami) js:opy95 5 oo
T S o el ol s 0Ly by 58
o 1 03l b ladd s 33 5 (5515 pekid
(Hubson Sperm Tracker) & gus\s f};"" <l

Sl S GIE e, s,

Aoddo
5 0M Gmee LSl Gl 5l S
S, 53 fly bl S 4 bl
S S M Gl taw s - s 5 4Bl am g
ol s Gy il g A 53 g e
Wl 0 S Sl L T Gladkie (S0
b S (Dl g S, 5 opd gl
ssd o Jool Dolan gl il 5 SLEST Sl 5
55 85 s S (mls 0s3l50, SAS L
U mdlag sl OMSEe S ol il 4
Sl e 5 OLLS 3 (&K Sl mezs
BYYRIN QD IR WS U [T S R VAP S 5t
2 b oekiy sgre el ol gla 5o
L (U8 0Ly L3 w51 ol
b pld & Joge 50 Js s S oesl
lod ) w3l Vb e sl g oS sl
2 25man oS DIk oS alie b e Y b
4 R D3 (e sl by Ganls] O
Lady 0 Wbl (5 50 5 odd Oy Sl 500
Sbopeas ey 5 (5 Y)Wl aeew
o9 (V) 23Xy o g 885 4 (bioaccumulation)
O S TS S e O E I R
s b pled 45 as e 0L Sllas 5 (1-1)
IS 5 aeb Gledlad 035 o8 5 2ol L5 0

.(/\—'\) .>.>J§ r,;u‘ "."SJ:- 6‘#;#‘)‘.; BL)

ol o 4 gal Bl ys Cawl edd E,15E

Sokl S Jlisl (Klesg egr b opslie
Bl sl 5Ken 45 (VY=R) ol 4l iy 580
b a8 A3l pol 358 a5 U s
(&) pdie GS0INl S 248 80
€y ol 53 B el Sluls il s
Bl il Sl OF) el sdd 318



q/

L& god o BAS 0303 guiiiend 51 5 lu a0
23 ¥ dhows 53 cole S sl pas 45 4 6l
g 9 0 kd K3 BUI sbes 53 SIS p g
) Syl g 3l dohoee o 55 ad3s V0 Ss (6l
(Ao yd Vov g Ve A0 VO (ho 3 00 (o ja ¥
S g K osas s ek S5 NS
LS g K

b oS KEE huy Laise e
gl e 4 o SaSis S el b Sl
Mok gad Odd KEE l  Nkd Sl
xS o S Shex sl g5y 2 6
2 5 2 gl YO-Y sgam b og el ekl
PSS by LAd wkildy S8 5 sl
(ks Ol e 00) (pukd) Kl iy SN
B8 I ez 250

ki go dop (g oKg Ke (slo S LT
AP adllae )00 (Sl g A @ S S L
3 s ek gt 5 b s Gl B S
slap ! 5 slaw ud ag S g el
Sl b oled p ol Wiged Vor 3 b b
LSl 5l SKsdse Sl Ol
A5 ol (ol Vo a0 g iS5 S50

basl
CS o e 5 S glap el sl
S g Ol Sl esr b bl o slap
tlitis Ao chld) dals o 8 4 Comd O
Al 5 3l s by csdE L (g
Wl 05,8 JWwé 31 m A e
3 S Glap sl ol AlS Jb adds 4w
GRS gl L T oS e
Ykl s g ol O, 6Kt

Jiﬁls r,;u‘ ‘;"'SJ?- ‘SLQJJ;SU 0 g r‘&‘;;

VCL, VSL, VAP, ARE, LIN, jali lap pul
Lug MAD, MOC, STR, ALH, BCF, LIM
O alie 4 am 5 b bl .las (805100 oKaws
SMoged haib Wlie opl s eyl aes S
) s kg pRils el a4 b
ks o, (Average Path Velocity, VAP
s (Straight Line Velocity, VSL) s
Curvilinear Velocity, ) — soew &S p Co
25 5 oo &1, (VCL
4V plin b e LT Oleds
video, predict - off , search radius = & ;e

8.50 um filter weightings, threshold =+10/-50,
refresh time=Isecond, aspect=1.49=pal 1= 2,
immotile process =normal 5 2=3, 3=3, 4 3

S 2 bap il 2 e 5 Sle 5 el
Lap sl S o o 5l b 5o 30 5
bg (K o CBE) JRS 08 )
Sl sme DN gy 5 Ad Amolie THreSE O 9050
wlp 31238 15 s 3550 Loy B cnl o
(SPSS Inc., Chicago Illinois, USA) SPSS
P<0.05 .a% o3\izwl 5,1 536 sl version 11
A 4 B s (g5ls s e Ol g 4
g S slp ladised (jlwasls]
sWbs 5o seme Glapl KWl L
Moo VL doys ¥ aadi 58 b oeas 4SSl
s bl 5 g edd bk JL olild
ORI R P KX < LIV WP URRP JURP K S W
IS b A 5 b 5l ediS S slge 5 p !
B glaad Las Slo e Ble 0/0 ki U
5 SIS o Wy 4 0k 05 ol 4 o
Slp o laiad dhyg 5o b e g ok ails
Gl d LA el LIF A gl ol
Vo ol S¥ g0 /Y L Oland b 4 e 4w B

£l 53 cole S fol g 4 59 S e Aoy



AR

.]a..u): ol sdaline rﬂ\w.}adg_}—\ ﬂ‘}ﬁ&."
(0reen olasS5) Sl Sy xSl Sy So

S 0F e S ES aw p s el

2 Py s edd S s Sy Sl andad

anda 5 ps OAd lax plig o Vg /Y slachl
5 8 edalive Lo sl 51 galdad 55 Sl

oSl g N el ) Bl

25 4 3 Aoy A el Glee el Slass

ey oy3 Ve YL g ela ) slehle

b s 1y (P<O.05) s gone SVl 5
Vol A ekl s sl Ol JRS ey £
OB g M Fhdd ogr oo SIS el
5L lachle s s 8 B e SulS Lap !
Ay g A edalis (S e p el e plina )
S eslial b s B 5,158 Lap sl SIS = JulS
$lr tlie SR Omle p il O, oKaus
S s S edalis ol (IS gla gl s
oSl Lo gl gl kB SN
Average Path ) «ib p jog Ko o 5 W

Ll sk 41,1 besl 45 (Velocity, VAP

b wlor I o3 pod SKislsbse ks
S9N QS Ko b s 53 iR i
Nl IS8 i 51 igad 3 p el Lo (Sl
W1 s 2059 ST Sl 48w 5 55 an
() JKS) A sl

(um/s) VAP b20-35s
&S sl 40 9 737
W 35-50s
28
30 7 050-65s
20 - 15 15 065-0s
10 T 7 5
3 3
O = T T . T T T 1
0 0.1 1 5 10 50 100 (ppm) clals

wyﬁij&&dujmﬁéj{}:},"—M&Lﬁ&;—wwﬁfﬂ/&;{fd/jf—’J/{}w‘

Cwd 51y 30 O o adS adds 4w I S
Slale ol W) 258 0 S e 8 g das

o 9038 SS g g el gLdg) g e s

Sl W ol & OISl WS,

5 Olab r}:ﬂ‘ Kb o S e cole ples



1/

ol s S pbdl (slamp
S Gl e ol Wk Okl gl S
el S sl SEl GRSl 5
el O 5 o 4 oS > oy k)
in ginvitro ll s ;s CLES b b b Guw g,ls
(V) p el podiis &S 2 o b (Y1) ViVO
5,05 b3,
el Slp o Sl e S S e
Lol Sl o e dd g SN Gy
odd IF g plan YYO U /) slghls
2 oS Ol pes 4 ax g by ()
ol sl pglhe s F1 s O sl
Y 5 0) a,ls JulS oy LS slaasl b andlias
sl Kl g o 04 45 ol 03ls LI b
g 5o g el S glap Rl s IS
ol 03 B3| a3 5 4 (M) 553 0T m S 50
2 65 K5 ek 6 S gn (s anlid |
s ol 45 425 sdalie 6 g b ol o3 31
2os B A 5 3 sbadl L Llg e
Sl el iy Sdn bl
55 chle g a5 ol dd el UL s
Aol 2 BF e 5 0sm Npahe V0
sg LAd e OIS (YY) ASL il e
YY) sl 0 OIS 55 e ol 4 S
Ol ) 5o wlis glaadly DN ;5 cnlply
Srpn o Sl K3 S
ri e b plad ol o eslS 5
ol 03105 OLES gy 2 3590 S\ap el 3 glockes
2l @ Sl e Coew s 4 Kl Sl &S
P - SRS PR S IE
ol S1A) 3L 0T (6w e S e 5 ok

SSAFY 9 Kb p Ol i Gon e adlan

el ol Sl g ol kw4 osp)
s a ) oS o cbl Ja chale 5 an )Y sl
Lyl Obale gyl bl cpl (VASIY) 3591 o0
4551 4 56« Glabsl plsl g 1) oo
il sob; 5 il g kgl 055
e Ok 1y g prel Ol op S (o al 5 03l
Looler Y5k S ol S sla,sSE o
e 335 453 O 5 o s oS Sl
03l 5 03,5 J 1) ol o f 038 LI
O o b @ ol Slagmis P Sy S
V) 3 gad 181 LT 5T

osliul B9, peed 5l 58 g2l G s
YE gl bap el Jol Ao e 53 S g)sb 4 s
Ao j3 5 Wad sl e Ol L csla
CoSws S py 03 ol Bage Bl L ey
5 omoss by @l OB a5 K S S
3dome gy Ol B, cpl s S S5 S
B35 S e 0B S Sl 0L 4 a5 LI, gl
Daged @i 51 w35 el (S V) gl
Uil slp Osmle el Ols, ows
Todos oks s o clap el 5S> (gla el s
JEs 1y ol Yoo SU o 55 oSaus 5 A |
dged o5 5 T S AL VY e

s ooy ol &S sl Sl dol> =
S ool 1 B3Ik Sl Sl Ll S s
S, sSE (55, » R Sl ST Lap el
oS DI Glachle bl sl gl S
ol wlte yp ol 3 el sl
Jold) Ol slgBl s dd 5,15 lackls
SR Ale 5 K e ((Y) s (aay
ok SIS 5 YL pslie a)siS 5l (o)l
08) el



/Y

ol o SIS 4 eIl gl b 0L e
foos aln il il glgBl 5 s 4 Ol
S 5 555kl sy 3 55 4 g aBL

S o sloml JNE

S g o

3 Ol )lS dloras (55 lK0n 5 dowy (s
a5 20 Oladed S 3 pe O
4o U e ked Sy pske MK
2l bl 4 mle 2S5 BT Gl o et
5 S0l 5 oyl s plowl 4w 055
4 0SSl M o8l 51 S by 5 S SGl
Sy oRaws 5l eslitul Ol 038 @l S
238 g0 S Aoz p !

b das oo OLE 1y ogr b p ol oled 51 Jool>
Sl 5 adlas cpl glaadl 2310 oa LS
pde S5l (oS Plas a5 55 Oledl Ol oo (b3
S DN palas S5 el (5S  2UlS
Sl 3 e Sl fs 4 Nl
St 5 S SYNS 5 ol (S~
BYCH P JPRC CICH 1 e R R A
3 4Bl pezed gl plu 5 0Ll 0L glacdl
dles! 1) 355 s g SISG ol JlSS a3 5o
N Sl S ol 5l S sl
4 1 ol Az CBb g 0 3 O s Al e
b 03 R DI L el S35 b, s
S5 i O 51w g 55k sl ooy

P S gl s Jels el s

References:
1. Cope WG, Wiener JG, Atchison GJ. Hepatic cadmium, metal-binding proteins and
bioaccumulation in bluegills exposed to aqueous cadmium. Environmetal Toxicology and
Chemistry. 1994, 13(4):553-562.

2. Gumgun B, Tez UZ, Gulsun Z. Heavy metal pollution in water, sediment and fish from the
Tigris river in Turkey. Chemosphere. 1994; 29:111-116.

3. Kmie DE. The effects of pollution on reproduction in fish. Review in Fish Biology and
Fisheries. 1995; 5:52-96.

4. Eggert Kruse W, et al. Influence of heavy metals on the in vitro interaction between male
sperm and cervical. DMW. 1992, 117(37):1383-1389.

5. Khan AT, Weis AJS. Toxic effects of mercuric chloride on sperm and egg viability of two
populations of mummichog, Fundulus heteroclitus. Environmental Pollution. 1987, 48(4):263-
274.

6. Bellas J, Vazquez E, Beiras R. Toxicity of Hg, Cu, Cd, and Cr on early developmental stages
of Ciona intestinalis (Chordata, Ascidiacea) with potential application in marine. water quality
assessment. 2001. 35(12):2905-2912.

7. Anderson BS, et al. Copper toxicity to sperm, embryos and larvae of topsmelt Atheinops
affinis, with notes on induced spavning. Mar Environ Res. 1991, 31:17-35.

8. Alabi NS, Whanger PD, Wu Ash. Interactive effects of organic and inorganic seleniunm with
cadmium and mercury on spermatozoal oxygen consumption and motility in vitro. Biology of
Reproduction. 1985, 33(4):911-919.

9. Chia SE, et al. Blood concentrations of lead, cadmium, mercury, zinc, and copper and human
semen parameters. Archives of Andrology. 1992; 29(2):177-183.

10. Dally A, Hendry B. Declining sperm count. Increasing evidence that Young’s syndrome is
associated with mercury. BMJ. 1996, 313):44.

11. Khan AT, Weis JS. Effect of methylmercury on egg and juvenile viability in two populations
of killifish Fundulus heteroclitus. Environmental Research. 1987; 44(2):272 -278.

12. Leung TY, et al. Whole blood mercury concentrations in sub-fertile men in Hong Kong. Aust
N Z J Obstet Gynaecol. 2001, 41(1):75-77.



‘v /

13. Droller MJ., Environment and the genitourinary tract. Otolaryngology and Head and Neck
Surgery. 1996, 114(2): 425-33.

14. Kime DE, et al. Use of computer assisted sperm analysis (CASA) for monitoring the effects
of pollution on sperm quality of fish; application to effects of heavy metals. Aquatic toxicology.
1996. [In press]

15. Jalabert B. In vitro oocyte maturation and ovulation in rainbow trout (Salmo gairdneri),
northern pike (Esox lucius) and goldfish (Carassius auratus). J Fish Res Bd Can. 1976, 33:974
—988.

16. Billard R, Cosson MP. Some problems related to the assessment of sperm motioity in
freshwater fish. Journal Of Experimental Zoology. 1992, 261(2):122-131.

17. Morisawa M, et al. Effects of osmolality and potassium on motility of spermatozoa from
freshwater cyprinid fishes. Journal of experimental zoology. 1983; 107:95-103.

18. Badsha KS, Goldspink CR. Preliminary observations on the heavy metal content of four
species of freshwater fish in NW England. Journal of Fish Biology. 1982, 21:251-267.

19. Holt W, et al. Reproducibility of computer-aided semen analysis Comparison of five
different systems used in a practical workshop. Fertility and Sterility. 1994;. 62(61):1277-1282.
20. Moore HDM, Akhondi MA. Fertilizing capacity of rat spermatozoa is correlated with
decline in straight-line velocity measured by continuous computer — aided sperm analysis:
Epididymal rat spermatozoa from proximal cauda have a greater fertilizing. Anthology. 1996,
17:50-60.

21. White DR, Aitken RJ. Relationship between calcium, cyclic AMP, ATP, and intracellular pH
and the capacity of hamster spermatozoa to express hyper activated motility. Gamete Research.
1989; 22(2):163-178.

22. Pacey AA, Cosson JC, Bentley MG. Intermittent swimming in the spermatozoa of the
lugworm Arenicola marina (L) (Annelid a: Polychaeta). Cell Motility and the Cytoskeleton.
1994; 29(2):186-194.





