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Incidence of disorders of spermatogenesis in middle aged

Finnish men, 1981-91: two necropsy series
Jarkko Pajarinen, Pekka Laippala, Antti Penttila, Pekka J Karhunen

Abstract

Objective: To investigate if the incidence of disorders
of spermatogenesis and testicular tissue morphology
have changed in middle aged Finnish men over 10
years.
Design: Two necropsy series completed in 1981 and
in 1991.
Setting: Department of Forensic Medicine, University
of Helsinki, Finland.
Subjects: 528 men, aged 35 to 69 years, subjected to
medicolegal necropsy.
Main outcome measures: Scoring of
spermatogenesis and morphometric analysis of
testicular tissue components. Individual risk factors
‘for testicular disorders obtained by postmortem blind
interviews-with acquaintances.
Results: Normal spermatogenesis was found in 41.7%
of the men (mean age 53.1 years). Between 1981 and
1991, the ratio of normal spermatogenesis decreased
significantly (odds ratio 3.5; 95% confidence interval 2.5
to 5.1) from 56.4% to 26.9%, with a parallel increase in
the incidence of partial and complete spermatogenic
artest (2.1; 1.4 to 2.9 and 2.9; 1.7 to 5.0, respectively).
During this period, the sizeof seminiferous tubules
decreascd the amount of fibrotic tissue increased, and
the weight of testicles decreased significantly.
Alterations in testicular characteristics over time could
not be explained by changes in body mass index,
smoking, alcohol drinking, or exposure to drugs.
-Conclusions: The incidence of normal
spermatogenesis decreased among middle aged
Finnish men from 1981 to 1991, and the incidence of
disorders of spermatogenesis and pathological
alterations in testicles increased. Deteriorating
spermatogenesis may thus be one important factor in
the explanation of declining sperm counts observed
worldwide.

Introduction

In 1992 Carlsen et al reported a significant decrease in
the quality of human semen during the past 50 years,
including a deterioration in mean semen volume and
mean sperm concentration in semen from voluntary
sperm donors.' Although contradictory and critical
tesults have been published,* this observation has
subsequently been corroborated by several reports
aclditionally suggesting that a similar deterioration may
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have taken place in the morphology and motility of
sperm.** The reasons for the declmmv quality of
semen and sperm are subjects of current research.
Several environmental toxins and chemicals such as
alcohol,® drugs," industrial solvents," and endogenous
and exogenous oestrogen-like compounds' have been
suggested to alter the function of male reproductive
organs via multiple mechanisms, including endocrino-
logical disorders and direct toxic damages on gonadal
cells.” "

Thus far, most reports suggesting a deterioration of
human semen and sperm during the past decades have
analysed the quality of semen from voluntary sperm
donors and men attending infertility clinics. Nothing is
known, however, about the changes in quality of sperm
from middle aged or older men, who may have been
exposed to enwron.mental and other risk factors for a
longer time than those younger subjects in prcﬂous
studies. In addition to high selection of subjects in pre-
vious studies, which possibly biases the outcome,
semen analysis may not relate directly to the severity of
testicular lesion at the level of spermatogenesis,”
although it reflects well the:overall function of the male
reproductive tract Therefore, to what extent changes
in semen quality can be explained by a detetioration of
spermatogenesis or some other disorder(s) in male sex
organs is undetermined. Alterations in semen quality
of donors may even be unrelated to spermatogenesis,
reflecting other factors such as changes in the
frequency of coitus, or be due to non-toxic exogenous
means such as variations in scrotal temperature
because, for examplc differences in typeé of clothing.
Moreover, it is not known if changes in some known
individual risk factors mlght be assocxatcd with declin-
ing sperm counts. In this study, we investigated possible
changes in incidence of disorders of spermatogenesis
and testicular morphology in two necropsy series
between 1981 and 1991, comprising middle aged men
with no selection as regards spermatogenesis and
fectility. Data on exposure to risk factors for testicular
disorders were obtained by interviewing close relatives
or friends of the deceased.

Subjects and methods

Necropsy series

We examined two necropsy series comprising middle
aged men who were subjected to medicolegal necropsy
at the Department of Forensic Medlicine, University of
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Table 1 Fealures of necropsy series. Figures are means (SD; 95% conlidence

intervals) unless staled atherwise

Oil(u(un;:n .

1981 (1=264) 1991(n=264)
Age (years) S40(965261055.1) 52.2(96,51.1105.2) 18(02t034)f -
8ody mass index (xg/m?) 21 (44:20610246) 258(46:2521026.4) 1.7 (0.910 2.5)}

Mo (%) according lo cause ol
death

Cardiovascular disease 138 (52) 126 (48) 4.6(-4.0t0 13.1)
Qther disease 40 {15) 39 (15) 0.4(-5.71065)
Intaxication 23(9) 31 (12) 3.0(-2.1108.2)
Other vialent cause 61 {23) 63 (24) 0.8 (~6.5 10 8.0)
Unkno#n 2N 5(2) 1.1(-0.8t0 3.1)
Interval between death and 35 (16:33t03.7) 1.8(2.1;3.6t4.1) 0.3(-0.010 0.5)

necropsy (days)

*Oifference in means or percentages (35% confidence intervals) between series. 95% Confidence intervals
excluding O for means and percentages are cansidered la be significant.

{Significant diference in comparison betweea series,

Helsinki. The capital Helsinki and the surrounding
Uusimaa province in southern Finland are the most
densely populated parts of Finland, with nearly one
fifth (1 million) of the population of the country. About
9500 medicolegal necropsies are performed annually
in this area. The first series was collected in 1981 and
the second in 1991, both as substudies of a study of
changes in the risk factors for sudden and violent
death. Both series initially comprised 264 consecutive
men aged 35 to 69 years (mean 53.1). More than half of
the men (65%) died from disease (table 1), cardiovas-
cular diseases being the most common. One third
(33.7%) died violently or due to intoxication, most of
them accidentally or by committing suicide. In seven
cases (1.3%) the cause of death remained unknown. By
covering 42% of all deaths of men aged 65 years or less
in this area, this series is the most representative
sample of middle aged men that can be obtained.

Methods

Testicles were weighed at necropsy, and the middle sec-
tion of one testis per man was fixed in 10% buffered
formalin solution or in Bouin's solution. Histological
sections (5 pm) were prepared after samples were
dehydrated and embedded in paraffin and were then
visualised by Herovic staining.

Spermatogenesis score

In each slide spermatogenesis was scored in 25
randomly chosen cross sections of seminiferous
tubules by one member of the study group (JP) with a
light microscope at a magnification of x200. The analy-
sis was performed without knowledge of interview data

Table 2 Details of risk factors for testicular disorders obtalned through interviews with
acquaintances in two necrapsy series. figures are numbers (percentages) of subjects

Dilterence*®

1981 (n=264) 1991 (n=264)

Acquaintances interviewed 151 (S7) 109 (41) 15.9(7.5t0 24 )t
Use of drugs
Antihypertensive drugs 15 (10) 5(5) 5.4(-0.81t0 11.5)
Sedatives or tranquiltisers 68 (45) 54 (50) 4.5(-7.8t0 16.8)
Other 42 (28) 32 (29) 1.5 (<9610 12.7)
Smoking 103 (68) 81 (74) 6.1(-5.0t0 17.2)
Use ol alcohal’
Low or maderate dnnking 80 (3) §2 (48) 53(-7.0t0 17.6)
Heavy drinking 11 (47) 57(s2) 51(-7.0ta 12.6)

*Oiffecence in means o¢ peccentages (95% confidence interval) between secies. 35% Confidence intervals
eccluding 0 for means and percentages considerad to be significant.

tSlgnificant ditterance in comparisan between series.

or other features and series of the subjects. Each sam-
ple was allocated to one of the following groups.

Normal spermnatogenesis—Cerminal epithelium was
normal in most tubules. Sertoli cells, spermatogonia,
spermatocytes, spermatids, and spermatozoa were all
apparent in the tubules with the epithelium appearing
thick and condlensed. Men showing modest hyposper-
matogenesis, characterised by a thin germinal epithe-
lium with diffusely reduced cell quantity at all stages of
spermatogenesis, were included in this group.

Spermatogenic arrest—All tubules contained at least
Sertoli cells and spermatogonia. No mature spermato-
zoa were observed, suggesting an arvest in the normal
spermatogenesis. Complete spermatogenic arrest was
defined as a state in which all tubules exhibited arrest
of spermatogenesis, whereas for partial spermatogenic
arrest some of the seminiferous tubules (> 5%) showed
normal spermatogenesis.

The Sertoli cell only syndrome—A complete absence of
germinal cells was observed. Only Sertoli cells
remained in most tubules, and in some areas tubules
were obliterated by fibrosis. In some cases with
complete spermatogenic arrest some of the tubules
showed only Sertoli cells, but these cases were grouped
on the basis of the main features of the section.

Fibrotic tubules—All seminiferous tubules were
totally obliterated by fibrotic tissue with both germinal
cells and Sertoli cells missing.

Morphometric analysis of testicular tissue components
Measurement of the percentage area covered by
fibrotic tissue and Leydig cells was performed with a
light microscope equipped with an ocular grid with
100 defined elements. The number of these'elements
situated on each of the testicular tissue components
was then calculated for one of three randomly chosen
cross sections of testicular tissue from each man at a
magnification of x40. An average percentage value for
tissue components was calculated. Mean diameters of
seminiferous tubules were measured in a proportioned
segment of line on the microscope view on a computer
screen. Ten randomly chosen circular cross sections of
seminiferous tubules were measured, and an average
diameter was calculated.

Scoring of spermatogenesis, morphometric analy-
sis of areas of tissue components of testis, and
measurement of the diameter of seminiferous tubules
were performed blind to interview data.

Interview study and risk factors for testicular
disorders

To evaluate the role of various individual risk factors
for altered spermatogenesis a relative or a close
acquaintance of the subject was contacted and
interviewed (table 2). The interview comprised a struc-
tured set of more than 50 detailed questions on occu-
pation, use of medications, and smoking and drinking
habits.”

A complete forensic toxicological examination was
performed for all men, including 2 determination of
blood and urine alcohol concentration at the time of
necropsy and analysis of the presence of drugs and
chemicals in blood, stomach, and liver.

BMJ VOLUME 314 4 JANUARY 1997



Papers

Statistical analysis

The dara’ on spermatogenesis were analysed in cross
tabulated form by using odds ratios - with 95%
confliclence’intervals (CIA software). Confidence inter-
vals excluding the value of 1 were considered to be sig-
nificant. When analysing testicular features we used
two way analysis of covariance. We used .covariate
structure and adjustment of means to eliminate. the,
confoundling effect, when necessary: Post-hoc compari-
sons were made with .Sheffe’s test. The data were
analysed in logarithmic and square root transformec
form, but the results were ideatical with those based on
crude data. The analysis was carried out with Statistica
for Windows (version 5.0) on a 486 PC.

Results

Necropsy series

There were no significant dLﬂ'crences in the causes. of
death between the two series. The interval between
death and necropsy was slighty longcr in the 1991
series, in which the men were also slightly younger and
had a sxgmﬁcandy higher mean body mass index com-
pared with those in the 1981 series. No slgmﬁcant dif-
ferences’ weré observed betwéen the occupatxons of
men in 1981 and 1991.

Cha.nges in spermatogenesis score and testxcular
morphometric characteristics

Normal spcrmatovenesm was found in 41.7% (220) of
all the 528 men. In 1981, 56.4% (148} of the men
showed normal spermatogenesis, whereas in 1991 the
incidence had decréased by more than a half (29.5%
percentige points) to 26.9% (71) (odds ratio 3.5; 2.5 to
5.1; table 3). Sunul:aneously, thé incidence of partial
spermatogemc arrest increased from 31.4% (83) to
48.5% (128) (2.1; 1.4 to 2.9) and that of complete sper-
matogenic arrest from 8.0% (21) to 20.1% (53) (2.9; 1.7
to 5.0). There were 15 cases of the Sertoli cell only syn-
drome and eight cases of fibrotic testicles. No
significant chnnvc was observed, however, in their inci-
dences between 1981 and 1991.

_ Testicular weight showed a significant decline from
an adjusted mean of 18.9 g in 1981 to 17.8 g in 1991
(table 4). The adjusted mean diameter of seminiferous
tubules and morphoimetrically measured percentage
area of seminiferous tubules were also smaller in 1991,
with-a correspondmg increase in the percentage area
ofﬁbrouc tissue in the 1991 series.

Risk factors for testicular d_xsorders

Alcohol~The proportion of men with reported moder-
ate and heavy drinking did not change significanty
between 1981 and 1991. Disorders of spermatogenesis
increased significantly between 1981 and 1991 among
both moderate and heavy drinkers (table 5). In both
series normal spermatogenesis was less common in
heavy drinkers than in moderate drinkers in corre-
sponding ‘series. Testicular weight showed a slight
decrease in both consumption groups in both series
(table 6).

Drugs—Of the men with interview data available,
122/260 (46.9%) used sedative or ranquiltising drugs,
whereas 20 (7.7%) were users of antihypertensive
medication. The proportion of men using these drugs,
however, did not change from:1981 to 1991.
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Table 3 Comparison of slatus of spermalogenesis (numbers (percentages)) between
series (1981 v 1991) among dll subjects

0dds ralio (35% canlidence

Stalus of spermalagenesls 1981(n=264) 1991(n=264) lnterval)®
Mormal ) 149 (S6) AN 0.3(0.210 0.4t
Partial arrest 83 (31) 128(49) 2.1 (1410 2.9)t
Complete arrest 21 (8) o830 29 (L7 5.0t
Sertall cell only syndroma 9 (3 G' 2) ' 15(0.5 4]
Fibrasis 2 () §:(2) < 3.0(0.8%0152)
.*For difflerence in comparison between series; 95% confidence |nlervafs excluqu { are considered to be
slthcant_ R

tSignilicant difference in companson between series.

Smoking—There were 184 (70.8%) reported smok-
érs among the 260 men for whom data were available.
Smoking was slightly more common in 1991, but no
difference was observed in the status of spermatogen-
esis between smokers and non-smokers.

. Body mass index—There was a significant increase in
thé mean body mass index of the men between 1981
and 1991. Body mass index, however, showed na statis-
tical association with the 6ccurrence of testicular disor-
ders, - although it was a. significant covariate for

“lesticular weight, diameter of seminiferous tubules, and

testicular morphology.

Pooled risks—Disorders . of spennatovenesu were
more commion -in men with pooled.risk factors for
altered spermatogenesis. (heavy drinking and smoking
and use of tranquillisers) than in men with none of the
mentioned risk factors (odds ratio 3.2). This difference,
however, was not significant because of the small num-
bers of cases in both groups.

Discussion

Declining sperm cournts. ‘
Carlsen et al recentdy reviewed several reports
published from 1938 to 1991 on semen quality-of-vol-
untary sperm donors and suggested that sperm counts
may have decreased by 42% during the past five
decades with a concurrent slight.decrease in volume of
semen.! Although criticism has been directed against
statistical methods used in that work' * and controver-
sial reports have been published,* " * mcludmg onthe
semen quality of Finnish men'™ several results
corroborating the. observation-of Carlsen et al have
beén published in recent years.** The hypothesis of
deteriorating function of the male reproductive tract
has thus far been based on findings observed in quality

Table 4 'Compan'son of status of testicular features between series (1981 v 1991)
among all subfects. Figures are adjusted means (SD 95% conlldence intervals) unless
stated otherwise

Testicular lsatuces 1981 1991 : Difterence’

Testicular weight (g) {857 180t 9.4) 18.0 (6.2 17.2t0 18.7) 0.7 (0.3t 1.7)
Adjusted mean 18.9 - 478 S0 e LMt

Seminilérous bular 184.9(25.2; 180.7 t0 189.9) 180.9 (26.3; 174.710 187.1)  4.0.(-0.4108.4)
diameter (um)

Seminiferous apithefium 52.3(13.1) 47.2(12.2) 512310 1.4)t
{*%) .

Adjusted mean 52.7 471 5.6 (3.4107.9)t

Fibratic tissue (%) 40.8(12.6:39.3 10 42.4) 46.8 (13.1;45.510 48.8) 6.0(3.810 8.2)t

Adjusted mean 04 .42 6.8 (4.6 10 9.0)t

Leydig cefls (%) 6.9(2.0;6.5t07.2) 5.7(2.7,5246.5) 1.2{060 1.8t

*Oifferencs in means (35% confidence interval) hetween series. 95% Confidencs intervals excluding 0 for
meaas considered ta be sigaificant.
tSignificant differenca in comparison between senes : -
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Tabla § Comparison of status ol spermatogenesis among moderale and heavy drinkers between series (1981 v 1991). Values are

numbers (percentiges) of subjects
' Madarale drinkers

Haavy drlnkers

0dds ratla (95% conlidence

0dds ratio (5% contideace

Stalus of sparmataganasis 198 1{n=80) 1991{n=52) Intarval)* 1981(n=71})  1391(n=57) Intaeval)*
Normal §2(78) 16 {31) 0.1{0.05 l0.0.3)t 27 (28) 12 (21) 0.4 (0.210 1.0}t
Pactial arrest - 16 (20} 33 (64) 7.0 {3.210 15.3)¢. 29 {41} 29 (51) 1.5(0.702.0)
Complete arrest 2(3) 3(6) 2.4 (0.4 10 14.9) 10 {14) 12 (21) 1.6 (0.610 4.1)
Sertoli cell only syndrome - - " 'NA . 5N (n - 1.0(0.3t0 3.9)
fibrosis — — NA - - N/A

MAanat applicable.

*far difference in comparison between serfes; 95% confidence intervals excluding 1 considered to be significant.

" tSignificant ditference in camparisan between series.

of semen and sperm, which reflect well the overall
function of.male reproductive organs. Meinhard et af,
however, reported normal spermatogenesis or block-
age of seminiferous tubules, a status in which sperma-
togenesis proceeds normally, in half of 100 infertile
men who were oligospermic.”" Similarly, in a recent
study, fine needle cytology indicated normal sperma-
togenesis in almost orie third of 534 azoospermic
men."

Thus, semen analysis may, in- fact, not be a good
guide to the severity of testicular lesion at the level of
spermatogenesis, and therefore it is questionable
whether or not the declining changes in sperm counts
are due'to increasés in disorders of spermatogenesis or
whether other disorders in the male reproductive tract
are involved. In the present study, we found that the
incidence of normal spermatogenesis has decreased
significantdy among middle aged men, with-a parallel
increase in the rate of disorders of spermatogenesis
during an interval of 10 years between 1981 and 1991.
This finding suggests that the quality and dispatch of
spermatogenesis are deterforating in middle aged men
and also confirms earlier presumptions on deteriorat-
ing spermatogenesis being-the main cause of decreas-
ing sperm courits.

Sperm counts in Finland

Vierula et al reported recently Lha( sperm density and
total sperm counts of Finnish men have not gone
through any changes in the past 28 years,? cortfirming
earlier findings on good semen quality ‘of Finnish
men.™ Although we found a significant decrease in the
incidence of normal spermatogenesis in the past 10
years, our results do not inévitably disagree with those
of Vierula ¢t al By definition, testes expressing partial

disorder which was most commonly found among
men in 1991 series, still produce various amounts of
mature spermatozoa. Therefore, if semen analysis is
performed after a few days of abstinence before sperm
donation, men with partial spermatogenic arrest may
not differ sngmﬁcantly from those with completely nor-
mal spermatogenesis. The subjects in our study,
however, were on average 20 years older than those of
Vierula et af, and thus. the results are not fully compa-
rable. In addition, our material came from the densely
populated province of Uusimaa, mostly in and around
Helsinki, whereas that of Vierula ¢ al originated from
less densely populated and industrialised communities’
several hundred kilometres north east of Uusimaa
province. Recent work from France has shown a
significant decline in sperm counits durmg an interval
of 20 years between 1973 and 1992,* possubly suggest-
ing. that geographical variations do exist in the
abundanc_c and distribution of factors causing disor-
ders of male reproductive tract, as also hypothesised by
Vierula et al Two recently published reports also found
unchanged sperm counts in the United States over the
past few decddes, suggesting that deterioration of
semen quality is not geographically uniform." * Also,
the fertility of Finnish couples was recently observed to
be significantly greater than that of British couples, fur-
ther supporting this hypothesis.* ‘

Disorders of male reproductive tract

In addition to declining sperm counts, the incidences
of testicular cancer and specific. disorders of male
reproductive tract have increased in recent decades.’**
Both observations have provoked an active discussion
of a possible common-aetiology: Several environmen-
tal factors are known to cause alterations in the male

spermatogenic arrest, a slight and probably reversible  reproductive tract, such as certain drugs, chemicals,"” "'
Table 6 Comparison of status of testicular reatures among moderate and heavy drinkers between senes (1931 v 1391). Figures are adjusted means (SO;
95% confidenca Intervals) unless stated otherwise

Maderals drinkers ) Heavy drinkers )

Testicular features 1981(n=40) ) 1991(n=52) [)iﬂersnce_'Z 1981(n=71) 1991{n=57) Qillerence®
Testicutar weight (g) 20.0(5.9 18.710213)  202(6.0;18.61021.8) 0.2(-1.9t02.3) 169 (4.9:15.71018.0)  17.2(4.6;16.0t0 18.4)  0.3{-1.4 10 2.0)
Adpsted mean - 20.5 199 0.6 {-15102.7) 17.4 17.0 ] 0.1 (16t 1.8)
Seminiferous tubular diameter {um) 190.9(23.5; 186t 196) 185 (22177 10 193) 5.9 (-2.210 14.0) 175 (26:16710 184) 176 {J0; 165 to 187) 1.0 (-8.8 10 10.8)
Adjusted mean 191.9 1811 10.8 (2.7 10 18.9)F 176.9 1749 2.0 (~7.81011.8)
Seminiferous spithatium (%) §5.1{11.2;50.71053.9) 504 (3.2,45.41048.9) 4.7 {1.010 8.4)f 48.5 (14.5:45.11051.9) 487 (11.0:45.910516) 0.2 (-4.41049)
Adjusted mean - §6.5 50.3 6.2 (2.5 0 9.9}t 48.6 47.9 0.7 (-19135.9)
fibrotic lissue (%) 8.0 (10.6:35.71040.3)  43.9(3.1;d15t0d6.4) 59 (2.4 10 9.4)t d4.0(142:40.70473)  452(11.3:42.21048.1) 1.2 (-24105.8)
Adjusted mean 3%.5 [TRs 7.7 (4.210 1.2t 43.9 451 22(-24106.8)
Laydig cells (%) 6.9(3.2,6.2t07.6) 5.5{3.5;4.7 10 6.6) 1.4 {0.2102.6) 7.5(2.8;6.8108.1) 6.1 (3.2:5.210 6.9} 1.4 (0.4 to 2.4)}

*Ditfarance in means (95% confidence interval) between series. 35% Confidence Intarvals excluding 0 for means considered to be significant.

tSignificant differenca in comparison between series.
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and heavy metals as well as excessive drinking™ The
role of the increase in environmental oestrogen as a
possible common denominator to the adverse effects
‘on male reproductive. tracts has achieved much
emphasis during recent years.** The suggested
increase of oestrogens or oestrogen-like compounds in
past decades may originate from several sources, such
as from diet, which has gone through many changes
in industrialised countries, or from the increasing use
of many arganochloricles that act like oestrogens and
may accumulate in fat tissue. [t has also been
hypothesised that fat tissue may convert certain
steroids to oestrogens and that incréasing body fat
content may lead to an increase in the bioavailability of
oestrogens through a decrease in the concentration of
sex hormone binding globulin. In our work, men in the
1991 series had a significantly higher mean body mass
index compared with men 10 years earlier, possibly
indicating higher body fat content of men in the latter
series. Body mass index, however, showed no
association with disorders of spermatogenesis. -

The mechanisms of declining sperm counts
induced by oestrogen or toxins may entail a
disturbance in prepubertal multiplication -of Sertoli
cells, possibly inducing -a decréase in their number.
Sertoli cells are involved in the formation of the blood-
testis barrier and are known to provide nutritional and
mechanical support to spe:rmatogenic cells, thereby
sustaining normal spermatogenesis.™ In the present
study, small seminiferous tubules weré associated with
disorders of spermatogenesis, corroborating our own
earlier findings’ and suggesting a disturbance in the

function of Sertoli cells or a decrease in their numbeér’

as a possible aeuolocncal mcchamsm for declining
sperm counts.

Risk factors for altered spermatogenesis
Excessive use of alcohol is often associated with disor-
ders of spermatogenesis and testicular damage.® ™ In
the present study, we- analysed time dependcnt changes
of spermatogenesis over a 10 year period among mod-
erate and heavy drinkers and examined changes in
smoking and use of drugs to.evaluate the effect of pos-
sible changes in the exposure to these individual risk
factors. The time differenices in spermatogenesis scores
were of greater extent among-moderate drinkers than
among heavy drinkers. This- observation is likely to
exclude increasing alcohol consumption in Finland
between 1981 and 1991* as an explanatory factor to
widespread deterioration of spermatogenesis. In 1991
moderate drinkers showed incidences of scores of
spermatogenesis almost equal to those among heavy
drinkers 10 years earlier. Similarly, there was a highly
significant increase in the amount of fbrotic tissue in
testes of men with moderate drinking habits, whereas
no such time dependent change was observed among
heavy drinkers. These results suggest that heavy drink-
ers showing normal spermatogenesis and testicular
morphology -might be more tolerant to toxic sess
originating from the environment We have also
recenty reported a possible involvement of a genetic
component in the development of alcohol induced
disorders of spermatogenesis.”

There were more smokers in the 1991 series com-
pared with 1981. A large number of studies have pro-
duced contoversial results on the effects of smoking
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Several recent reports have suggestecl a
significant decrease in hiinan sperm counts
over the past few decades

¢ We used middle aged subjects, with no bnsmg
selection as regards fertility or status of
spermatogenesis, to evaluate changes in the
incidences of disorders of spermatogenesis .
from 1981 to 1991

¢ Normal spermatogenesis was observed
significanty less often in the 1991 series than in
1981, whereas the incidences of disorders of
spermatogenesis increased significantly during
that ime

¢ Changes in the status of spermatogenesis
coexisted with decreased testicular weight,
smaller seminiferous tubules, and irfcreased -
fibrosis of testicular tissue

¢ Alterations in spermatogenesis could not be
explained by a change in individual risk factors
between the series, such as smoking, drinking,
or use of medication, thus challenging further
research to dluminate specific reasons for
deteriorating spermatogenesis and declining
sperm counts

on semen and sperm.”™ In the present study, no
association was observed between smoking and status
of spermatogenesis. Additionally, there were no signifi-
cant changes in the ratio of men who used drugs
between 1981 and 1991.

Conclusions

In conclusion, we report a deterioration in male repro-
ductive function at the level of spermatogenesis among
middle aged Finnish men between 1981 and 1991.
This finding supports several previous observations on
declining sperm counts, suggesting that both events
might be explained by comman genotoxic factors that
affect spermatogenesis. Declining spermatogenesis
was not explained by different exposure to drugs or
incidence of smoking or alcohol consumption, and
thus more research is clearly needed to evaluate the
roles of different factors for declining sperm counts
and deteriorating spermatogenesis.

Funding: Yo Jahasson Foundation, Finnish Foundation for
Alcohol Saudies, and Medical Society of Finland.
Condict of interest: None.

1 Carlsen E, Giwercman A, Keiding N, Skakkeback NE. Evidence for
decreasing quulicy of semen during past 50 years. 8/ 1992:305:609-13.

2 Olsen GW, Badner KM, Ramlow JM, Ross CE, Lipshulez LI Have sperm
countsbeen reduced 50 percent in 50 years? A sadstcal model revisited.
Fertid Steril 1995:63:887-93, .

3 Bromwich P.Cohen J. Stewart I, Walker. Dedine in sperm counu an aree-
fact ofchanged reference range of *normal”™ 84/ 1994;309:19.2

4 Buyjan L, Mansac A, Pontonnier F, Micusset R. Time series analysis af
sperm concengdon in fertle men in Toulouse, France beoveen 1977
and 1992, 84/ 1996:3 (24712

5 Viecula M, Niemi M, Keiski A, Suarmaen M, Saarikoski S, Suominen I
High and unchanged sperm counu of Finnish men. Int f Andml
199G;19:11.7.

6 Auger ], Kun:umnn_jM Cayglik F, Jouannee P. Decline in semen qualicy
among fertile men in Puris during die pasc 20 years. N Engl | Med
1993;332:241.5.

7 Combhair £, Van Waelaghem K, DcClcrcq N, Vermeulen L, Schoonjans £
Satentent on the gencml reduction in specen qualicy. fue f Aadrol
1993; 18(suppl 2):1 -



Papers

8 [rvine S, Cawnod E, Richardsoa D, MucDonald E, Aitken J. Evidence of

deterincating semen qualiey in the Uniced Kingcom: hirdi colinrtscudly in
577 men in Scodund over 11 years. Avif 1996:312:467-T1.

9 Pajuadnen [, Karhuaen PJ, Lalu K, Savolusinen V, Peacdla A, Laippala P.

Moderate alcohol consumption and disoccders nf human spermatogen-
esis. Aleahal Clin Exp Res 1996:20:332-7.

10 Ddife JO. The elfects of drugs oa sperm. Drugs 1987:33:610-22.

11 Yamada K. Influeace of laquer thinaer and some organic solvents on
reproductive and accessory reproductive organs in the male mc 8iol
Pharm 8ull 1993;16:425-7. -

12 Shurpe, RM, Skakkeback NE. Are oesgogens involved in falling sperm

counts and disorders of the male reproductive wace? Lancet

1993:341:1392-5. . .

Wideqius TV, Omva MM, Vihko RK, Yikahd RH, Erikssoa CjP.

lahibidon of -estosterone biosynthesis by ethunol: muldple sites and

mechanisms in dispersed Laydig cells. / Steroid Biachem 1987;28:185-8.

14 Rosenblum E, Cavaler JS, Van Thiel DHL Lipid peroxidatioa: 2

mechanism for ethanol-associated tesdeulac injury. Endacrinalogy

1985;115:311-18.

Meinhard €, McRae CU, Chisholm CD. Testcular biopsy in evaluadon of

male infertlicy. Bivf 1973:iii:577-8 1.

Verma AK, Basu D. Jayram C. Tesdeular cytology in 2zoospermia. Diag

Cytopathal 1993:9:37-42.

17 Karhunea BJ, Penctila A. Validity of posamortem alcohal repors. Aleohal

Alcohalinn 1990;25:23-32.

Paulsen CA, Bergman MG, Wang CW. Daaa from men in greacer Seatde

area reveals no downward Tend in semen qualicy: further evidence thac

deterioradon of seren qualicy is not geographically unifarm. Fertdl Steril
1996,65:1015-20.

Fisch H, Golubof ET, Otson JH, Feldsburg J. Broder SJ, Barad DH.Semen

analysis in 1283 men from the United Sates over 2 25-year period: no

decline in' qualicy. Fertil Steril 1996:63:1009-14.

20 Suominen J. Vierula M. Semen qualiy of Finnish men. B4/
1993;306:1579.

21 Joffe M. Decreased ferdlicy in Beitain compared wich Finland. Lancet
1996;347:1519-21.

22 Wanderas EH, Tredi §, Fossa SD. Trends in incidence of tesdcular cancer

in Norway. Eur f Cancer 1995;3 1A:2044-8.

23 Osterlind A. Diverging ends In incidence and morulity of tesdcular
cancer in Denmark, 1943-1982. Br J Cancer 1986:53:5301-5.

24 Hakulinea T, Andersen AA, Malker B, Pukkala E, Schou C, Tulinus H.
Trends in ancer incidence in the Nordic coundries. Acta Pathol Microbiol
Immunal Scand 1986:suppl 288:1-151.

&

v

>

@

"3

o

25 Jacksnn MD and the fohn Radeliffe Hmpiml Cryptorchiclism Research

2

>

27

2

@

29

3

(=]

3

03 3
focgnes

3

-~

3

@

3

hery

38

39

40

41

Group. The 2piclemiology of crypeorchism. Farm Res 1988;30:133-6.
Pyjuriaen JT, Karhuner) PJ: Spermatogenic arrest and “Sertali cell oaly”
smdrome—common sleohol-incluced disorders of the human tests. e f
Aadrol 1994;17:292.9,

Carlsen E, Giwerchman A, Keiding N. Skakkehack tE. Declining semen
quality and increasing incidence of testicular cancer: is there 4 commaa
cause? Environ Health Perspect 1993;103(suppl 7):137-9.

Sharpe RM. Declining sperm counts in men—is there an endacrine
cause? f Endacrinal 1993;136:357-60.

Sharpe RM, Fisher JS, Millar MM, Joblin S, Sumpter JP. Cestiional and
lactutional exposure of rats to xenaestrogens results in reduced testicular
size and sperm praduction. Environ Health Perspect 1995;103:1136-43.
Adlercreutz H. Diet, breasc cancer and sex hormone mewabolism. Ann NY
Acad St 1990;395:281-90. .

Field B, Selub M, Hughes CL. Reproductive effects of environmental
agenes. Semin Reprod Endocrinal 1990:8:44-54.

Jegou-B. The sertali cell in vivo and in vicra. Cell Biol Toxicol 1992;8:49-34.
Boiesen PT, Lindholm J, Hagen C, Bahasen M, Fabcicius-Bjerre N. Hisco-
logical changes in testcular biopsies from chronic alcobolics with and
without liver disease. Acta Pathal Micrabiol Scand 1979;87:139-42,

Kuller LH, May S, Perper JA. The reladonship between alcohol, liver dis-
ease, and tesdcular pathology. Am [ Epidemial 1978;108:192-9.

5 Finnish Sate Alcohol Company. Alokal statistical yearbaok. Helsinki:

Finnish Sate Alcohol Company, 1993.

Pajarinen [T, Savolainen VT, Perola M, Pencala A, Karhunen PJ. Cluadh-
ione s mansterase-M1 “aull” genogype and alcotol-induced disorders of
human spermatogenesis. /n¢ [ Andral 1996;19:133-63.

Chia SE, Ong CN, Tsakok FM. Effects of cigarente smoking oa human
semen quality. Arch Androl 1994:33:163-8.

Holzki C, Gall H, Hermann J. Cigarecte smoking and sperm qualicy.
Andrologia 1991:23:141-4.

Dikshic RK, Buch JC, Mansuri SM. EFect of tobacco coasumpdon on
semen qualiy of a populadoa of hypofertile men Fertil Steril
1987;48:334-6.

Evans H], Fletccher |, Torrance M, Hargreave TB. Sperm abnormalides:
and dgarette imoking. Lancet 1981;i:627-9.

Codfrey B. Sperm morphology in smokers. Lancet 198 1;i:948.

{Accepted 16 October 1996)

B8] VOLUME 314 4 [AMUARY 1997



AlHEER 2

EFDFROBEMRE
(FBRES)



1

AU R W LWN N -

Kt

© 00 00 N O 94 o

10
1
12
13

i
=

& 15
X 9
B 10
B 11

Bk

FEBONH

EBHDODT

HEEDH

HEEDOHH

RTEDSH

RETEEDHTE

FERAWBFREE (1999 EEEMHT—H)

EOBEREEOEHST (1999 FEEBMNHT—F)

HEESE-FHRIOBRILOBREE (1999 EEEMHT—H)

(BR.REOT—2L158ATEE)
FECES F-FRI0BSLEOFBEEE (1999 FEEMH T—H)
(BR.KEOT—42LBHEATEE)

ERAFEREE (2T

THREESOEHS T E&T—%

HEES E-EHI0RSEOBREE (279

HEESE-FHI0BELEDER (25—%)

HEESFE-FHI0BELOEE (2T7—4%)

FRA.HEES FEILORREE- R (&7

REESE-ERI0BRCLEORBESEE (27—
REESE-FEHI0RSLNER (7%
REESE-FHI0OREDKRE (£2T—5)
HEFES E-FRH 1 BSO8R (27—
HBEESE-FH1BLOBREE (&8T5
HEESE-FH1IBIELENDER (&7
HEESE-FH 1 RIEDKE (£2T7—5)

FERHICEIBREEOEL (HEESEITE. 1940 - 1969 HES)

RAFEREEOELL HEESEIL
RAREELGSFHR (WAFSFEIL

15
15

16
16
17

17
18
18
19

20

21
21
22
23
24

25
26

27

28
29

30

31
32

33
34
34



B 1 FEmosfm

6000

BEREED
5000 F ®ELRE
4000 |
‘% .
%; 3000 f
2000 |
1000 |
0 1 1 I
20~29 30~39 40~49 50~59 60~69
FE
X1 EEBONH
FEE KEESH BLsREn eF—~4
20~29 701 2367 3068
30~39 1150 2950 4100
40~49 877 4023 4900
50~59 605 2168 2773
60~69 417 1677 2094

fe5 3750 13185 16935




B 2 HAEFEORH

6000
5000
4000
£
= 3000
2000
1000
()] [e>X N ()] ()] [0)] (0>} [#)] [e)] (0)] (9] [0)] ()]
N~ o0 0] (@) ~— (aV) (807 < Te) O N [s0] [9)]
PR J S S S WL SO AN S S MR S
o o o (=] o (@] (e»] (@] (o] o o (@] o
N [v0] (e)] o -~ [aV] [a2) <t Te] (o] I~ Q (e)]
HEE @ @ 2 2 2 2 2 2 2 2 2 2 @
x® 2 HEEDHH
HAELFE KEESD LR &9 2T—4
1870~79 1 0 1
1880~89 12 63 75
1890~99 4 405 409
1900~09 46 891 937
1910~19 45 1191 1236
1920~29 184 1839 2023
1930~39 904 2674 3578
1940~ 49 1447 3326 4773
1950~59 701 1712 2413
1960~ 69 324 901 1225
1970~79 82 183 265
1980~89 0 0o 0
1990~ 99 0 0 0

fag 3750 13185 16935




M3 EREEDDH

6000
5000
4000

= 3000

- {1

2000

1000

0

1950~59 1960~69 1970~79 1980&89 1990~99
- ORLHE

£ 3 FETEDDM

A AEES | BHmES EF—4

1950~59 368 1630 1998
1960~69 25 2377 2402
1970~79 340 2235 2575
1980~89 1574 3194 4768
1990~99 - 1443 3749 5192

FoE 3750 13185 16935




K4 FRAFBEEE (1999 FEENSTT—3)

25
290 | 189
mi 76
E':é 153
ﬂ;-f i5 | 146
B
10 I 1 1 1
20 30 40 50 60
EES

M5 EHRBREEOEHST (199 EEEBMHT—2)

300

250

200

£ 150

51

100

50

0 o L ! 1 1 ! -9
0 5 10 15 20 25 30 35 40

THEREE (0)



%4 HEESE-EHI0OBECEORBESE (199 FEEMST—2)

i

HiEE 20 ~ 29 30 ~ 39 40 ~ 49 50 ~ 59 60 ~ 69 HEFRHE
1875~1879 185 (1) 185 (1)
1880~ 1884 190 (1 14419 ( 3) 15528 ( 4)
1885~ 1889 14942 ( 8) 149+42 ( 8)
1890~1894 14.1 (1N 14.1 (N
1895~1899 9.2+10( 2) 93 (1 9.2%£0.7( 3)
1900~ 1904 155 (1 15.3%£5.4 (18) 147223 ( 4) 15.2+4.8 ( 23)
1905~1909 160 (1 16.6£4.0 ( 21) 130 (1) 16.5%3.9 ( 23)
1910~1914 156202 ( 2) 18.1£5.5 (14) 13.7£50( 7) 16.65.4 ( 23)
1915~1919 131%£35( 6) 17346 ( 9) 10865 ( 3) 15226 ( 4) 14947 ( 22)
1920~1924 18.8£4.5 ( 51) 18.7%6.1 ( 3) 15.6+£33( 9) -17.0+43( 6) 18.2£4.4 ( 69)
1925~1929  17.2£6.7( 5) 18.4£4.2 ( 62) 171£36( 7) 144+4.4(14) 16.2%£5.1 ( 27) 17.3+4.7 (115)
1930~1934  18.6+4.9 ( 80) 15.4%3.6 ( 10) 18.0£3.3 ( 10) 13.8£3.8 (24) 145+5.2 (176) 15.7%5.3 (300)
1935~1939  18.5+4.8 ( 84) 17.2%£4.9 ( 52) 18.4%5.6 (230) 14.8+4.3 (53) 14345 (185) 16.75.4 (604)
1940~ 1944 18.6=5.4 (266) 17.9%5.3 (302) 15245 (244) 17.3+5.3 (812)
1945~1949  19.4%5.4 ( 21) 19.1£5.8 (310) 18.1%5.7 ( 95) 15.9£5.6 (209) 17.945.9 (635)
1950~1954  19.6£4.4 (120) 20.6£5.7 (148) 16.14.8 (149) 18.7%5.4 (417)
1955~1959  20.3+4.8 (157) 19.2£5.6 ( 71) 16.44.6 ( 56) 19.3+5.2 (284)
1960~1964  20.8+4.8 (105) 18.85.2 (105) 19.8%+5.0 (210)
1965~1969  19.7£5.0 ( 47) 18.9+£4.4 (67) 19.2£4.7 (114) .
1970~1974  19.4£5.2 ( 62) 19.4%5.2 ( 62)
1975~1979  18.6+4.7 ( 20) 18.6£4.7 ( 20)
EEHAAE  19.6£4.9(701) 18.9£5.4 (1150) 17.6£5.3 (877) 15.3£4.9 ( 605) 14.64.8 (417) 17.75.4 (3750)

HfLg T15+SD (NED



£ 5 NEESE-ERHI0EIEOBEEE (1999 FEEMNDT—2)

Ftn
FELE 20 ~ 29 30 ~ 39 40 ~ 49 50 ~ 59 60 ~ 69 R RIHER
1950~1954 125 (1) 147x1.2( 2) 160 (1 9.2+1.0( 2) 127+30( 6)
1955~1959  18.5+4.9 (167) 18.4+4.4 (117) 17.945.2 ( 22) 16.1£4.6 ( 39) 14.9+£3.2 (17) 18.014.7 (362)
1960~ 1964 17044 ( 3) 149+05( 2) 16.7£53( 3) 11.4£30( 2) 15.4+4.1 (10)
1965~ 1969 142+£3.0( 6) 204%76( 2) 127£57( 7) 14353 ( 15)
1970~1974 16.7£3.7( 7) 18.0£3.2 (11) 146+54( 5) 16.944.0 ( 23)
1975~1979  19.9%5.0 (92) 19.3+5.3 (201) 16.85.6 ( 10) 149+48(12) 17.3+£08 ( 2) 19.2+5.3 (317)
1980~1984  20.1+4.4 (185) 18.8+5.8 (358) 17.4£6.3 ( 14) 14.2+3.4 ( 20) 14.6+£34 ( 6) 19.0:£5.5 (583)
1985~1989  20.6+4.9 (145) 19.745.6 (240) 18.35.4 (579) 13.7%4.2 ( 20) 16.1£57( 7 18.8+£5.5 (991)
1990~1994 13.1£3.6 (18) 141£35( 4) 13.3+3.6 ( 22)
1995~1999  19.1x52 (111) 18.6£4.9 (216) 16.1£4.7 (236) 15.5+5.0 (479) 14.5+4.9 (379) 16.1£5.2 (1421)
FEE AR 19.64.9 (701) 18.9%5.4 (1150) 17.6+5.3 (877) 15.3+4.9 (605) 14.6+4.8 (417) 17.745.4 (3750)

B g

F5SD (NED



6 FERBBEREE (275

7 FHRBEBRESOEHSH (BT

20

191
189

THERER ()
i1 © o

-
(o)}
T

177

17 2

165

15
20 30

40

F i

50 60

1400

1200
1000 r
800 r

Bl

600 r
400
200

1

Q Le ! 1
0 S 10 15

20

25 30 35 40

THRREEE (9

1999 EEEMAT—ADERMEEEES SV THRREROEHS T (BB

FHRLER ()

25

n
o

pry
wm

10

£

300

250

200

4

= 150 |

=Y

100

50 r

0

0

5 10 15 20 25 30 35
THRRER ()

40



® 6 HEFESF-FHIOREOBREE (279

i ~
HESE 20 ~ 29 30 ~ 39 40 ~ 49 50 ~ 59 60 ~ 69 H A F R

1875~1879 18,5 ¢ n 18.5 ¢ N
1880~1884 19.0 C 1 15269 ( 7) 15.7£6.6 ( 8)
1885~1889 15.1£4.3 ( 67) 15.1£4.3 (67)
1890~ 1894 214+34( 9) 16.0+4.8 (124) 16.44.9 (133)
1895~1899 16.744.1 ( 98) 16.4+54 (178) 16.5£5.0 (276)
1900~ 1904 16.9£4.3 (14) 17.4£4.8 (197) 16.55.4 (216) 16.95.1 (427)
1905~1909 17.6+5.1 ( 85) 16.9£5.0 (235) 17.024.8 (190) 17.04.9 (510)
1910~1914 17.4+4.8 (12) 18.4£4.7 (155) 17.3£5.6 (251) 18.0£4.9 (194) 17.8£5.2 (612)
1915~1919 17.3%£4.5 ( 88) 17.8£5.4 (172) 17.8£5.3 (201) 18.05.5 (163) 17.8£5.3 (624)
1920~1924 17.944.6 (12) 18.3+4.8 (199) 17.0£5.0 (177) 18.5+5.3 (205) 18.115.8 (204) 18.0£5.3 (797)
1925~1929 17.34.7 (180) 18.25.1 (294) 17.8£5.3 (234) 19.0£5.9 (287) 16.4+5.0 (231) 17.85.3 (1226)
1930~1934 18.04.6 (409) 17.8£5.1 (347) 18.0£4.7 (278) 17.7£5.5 (349) 14.95.4 (306) 17.3£5.2 (1689)
1935~1939 17.914.6 (345) 18.0£5.0 (374) 18.5+5.7 (625) 16.4£5.1 (332) 14.6+4.7 (213) 17.5+5.3 (1889)
1940~1944 17.5%5.1 (239) 18.85.2 (622) 17.5%5.4 (1257) 15.7£4.7 (370) 17.6+5.3 (2488)
1945~1949 18.945.5 (215) 19.45.6 (666) 17.5£5.4 (1166) 15.9£5.6 (238) 18.0£5.6 (2285)
1950~ 1954 20.1£5.2 (294) 19.4£5.5 (529) 17.3+5.5 (619) 18.6+5.6 (1442)
1955~1959 20.1=5.1 (335) 19.55.6 (518) 17.6£55 (118) 19.5+5.5 (971)
1960~ 1964 20.64.9 (398) 19.3%5.2 (333) 20.05.0 (731)
1965~1969 20.0£5.3 (376) 19.3%£4.7 (118) 19.9+5.2 (494)
1970~1974 19.5:£5.5 (218) 19.5£5.5 (218)
1975~1979 20.0£5.1 ( 47) . 20.0%5.1 (47)
FE R 19.1+5.2 (3068) 18.9£5.3 (4100) 17.7£5.4 (4900) 17.2£5.3 (2773) 16.55.3 (2094)

18.05.4 (16935)

B g

1 +SD (N



=7 HAEESE-ERI0OESLDER BT

FH

WA 4 20 ~ 29 30 ~ 39 40 ~ 49 50 ~ 59 60 ~ 69 HAEFERIHE
1875~1879 160.0 (N 160.0 ¢ D
1880~1884 1700 (1) 160769 ( 7) 161.9+6.6 ( 8)
1885~ 1889 157.04.3 ( 67) 157.0£4.3 ( 67)
1890~ 1894 162.0%£34( 9) 158.51+4.8 (124) 158.7£4.9 (133)
1895~1899 159.14.1 ( 98) 157.4+5.4 (178) 158.0£5.0 (276)
1900~1904 160.9+£4.3 ( 14) 159.44.8 (197) 157.95.4 (216) 158.7%5.1 (427)
1905~ 1909 160.215.1 ( 85) 157.945.0 (235) 158.9£4.8 (190) 158.6+4.9 (510)
1910~1914 162.2+4.8 (12) 160.4£4.7 (155) 159.445.6 (251) 159.44.9 (194) 159.745.2 (612)
1915~1919 161.74.5 ( 88) 159.9+5.4 (172) 160.4%5.3 (201) 161.5£5.5 (163) 160.7+5.3 (624)
1920~1924  162.9+4.6 ( 12) 161.94+4.8 (199) 161.1£5.0 (177) 161.0=£5.3 (205) 161.95.8 (204) 161.55.3 (797)
1925~1929  163.2:=4.7 (180) 162.3+5.1 (294) 162.0+5.3 (234) 162.8+5.9 (287) 161.9:£5.0 (231) 162.4+5.3 (1226)
1930~1934  163.0=4.6 (409) 162.45.1 (347) 163.4:£4.7 (278) 162.9:5.5 (349) 162.3£5.4 (306) 162.845.2 (1689)
1935~1939  162.54.6 (345) 163.65.0 (374) 164.0£5.7 (625) 163.9£5.1 (332) 164.2£4.7 (213) 163.6+5.3 (1889)
1940~1944  162.9%5.1 (239) 165.05.2 (622) 165.0+5.4 (1257)  165.7£4.7 (370) 164.9+£5.3 (2488)
1945~1949  166.8+5.5 (215) 167.1£5.6 (666) 167.2+5.4 (1166)  167.45.6 (238) 167.2£5.6 (2285)
1950~1954  168.0%5.2 (294) 168.715.5 (529) 168.45.5 (619) 168.4+5.6 (1442)
1955~1959  169.1%5.1 (335) 170.1£5.6 (518) 169.5+5.5 (118) 169.7+5.5 (971)
1960~1964  170.6+=4.9 (398) 171.0£5.2 (333) 170.845.0 (731)
1965~1969  172.0%5.3 (376) 172.044.7 (118) 172.0£5.2 (494)
1970~1974  171.6x5.5(218) 171.6£5.5 (218)
1975~1979  174.3%5.1 (47)

174.3%+5.1 ( 47)

FHERIFER

167.2+5.2 (3068)

166.445.3 (4100)

165.15.4 (4900)

162.31+5.3 (2773)

160.5+5.3 (2094)

164.8+5.4 (16935)

"E{fI:cm

E1+SD (NS



%8 LSS E-FRI0ECEORE (2T

, EH
H 4 4 20 ~ 29 30 ~ 39 40 ~ 49 50 ~ 59 60 ~ 69 H A A I 5
1875~1879 53.5 ¢ 1N 53.5 ¢ 1
1880~ 1884 61.5 (G )) 50469 ( 7) 51.8+6.6( 8)
1885~ 1889 474443 (67)- 47443 ( 67)
1890~ 1894 51.9+3.4( 9) 48.6:4.8 (124) 48.84.9 (133)
1895~ 1899 | 49.0+4.1 ( 98) 50454 (178) 49.945.0 (276)
1900~ 1904 54543 (14) 51.4+4.8 (197) 50.55.4 (216) 51.0=£5.1 (427)
1905~1909 51,651 (85) 51.1£5.0 (235) 52.0+4.8 (190) 51.5+4.9 (510)
1910~1914 57.0%+4.8 ( 12) 53.4:£47 (155 . 53.3%56 (251) 52.24.9 (194) 53.1+5.2 (612)
1915~1919 51.6£4.5 ( 88) 54.2+5.4 (172) 53.9:5.3 (201) 52.9%5.5 (163) 53.45.3 (624)
1020~1924 54246 (12) 540+4.8 (199) 543450 (177) 53.6£5.3 (205) 53.7:5.8 (204) 53.9+5.3 (797)
1025~1929  52.7:4.7 (180) 55.15.1 (294) 54353 (234)  55.2:59 (287) 53.2+5.0 (231) 543653 (1226)
1930~1934  54.024.6 (409) 56.4=5.1 (347) 55.2--4.7 (278) 549455 (349) 54.145.4 (306) 54.9:+5.2 (1689)
1935~1939  55.6:£4.6 (345) 56.92-5.0 (374) 56.65.7 (625) 55.85.1 (332) 55.6+4.7 (213) 56.2+5.3 (1889)
1040~1944  56.4=5.1 (239) 57.8:£5.2 (622) 57554 (1257)  585+4.7 (370) 57.6:£5.3 (2488)
1045~1949  58.4=55 (215) 60.05.6 (666) 59.8-54 (1166) ~ 60.1:£5.6 (238) 59.8£5.6 (2285)
1950~1954  60.6=£5.2 (294) 61.545.5 (529) 60.95.5 (619) 61.1--5.6 (1442)
1955~1959  61.3=£5.1 (335) 63.25.6 (518) 65.0£5.5 (118) 62.85.5 (971)
1960~1964  62.7:£4.9 (398)  64.9%52 (333) 63.7:£5.0 (731)
1965~1969  63.0:£5.3 (376) 67.4+4.7 (118) 64.1-£5.2 (494)
1970~1974 63855 (218) 63.8:5.5 (218)
1975~1979  66.2::5.1 ( 47) 66.2::5.1 ( 47)
ERSRIEE  59.145.2 (3068) 50.5+53 (4100)  57.8£5.4 (4900) 549453 (2773)  52.4::53 (2094) 57.35.4 (16935)
BA{ST: kg EH+ESD (NED)
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%9 REESE-ERIOBRICOBREE (28T

F i

T4 20 ~ 29 30 ~ 39 40 ~ 49 50 ~ 59 60 ~ 69 FETE ST
1950~1954 17.34.5 (354) 17.6£4.7 (140) 17.74.6 (136) 17.24.5 (159) 15.3:4.7 (108). 17.24.6 (897)
1955~1959 18.6=4.9 (348) 18.4:£4.7 (256) 18.1:£4.8 (155) 17.34.8 (193) 16.5::4.9 (149) 18.04.9 (1101)
1960~ 1964 17.04.2 (276) 18.2:4.9 (255) 18.0:£5.3 (184) 17.1:£5.3 (278) 16.25.5 (203) 17.35.1 (1196)
1965~ 1969 17.9:£5.3 (235) 17.4£5.3 (332) 16.35.1 (192) 17.25.1 (242) 16.25.1 (205) 17.145.2 (1206)
1970~1974 19.2+5.5 (182) 18.1£4.9 (299) 18.1£4.8 (241) 17.85.4 (197) 18.05.0 (201) 18.2+5.1 (1120)
1975~1979 20.35.3 (259) 19.4:£5.2 (525) 18.7:£5.4 (289) 18.9:£6.2 (226) 18.45.3 (156) 19.2:5.4 (1455)
1980~1984 202448 (354) ' 19.3155 (696) 18.75.4 (299) 18.55.4 (320) 18.1%5.3 (188) 19.1:5.4 (1857)
1985~1989 20.65.4 (388) 19.3+5.7 (603) 17.945.6 (1336) 17.4£5.3 (347) 17.3+5.5 (237) 18.55.6 (2911)
1990~ 1994 19.8:5.0 (382) 19.35.6 (522) 17.3+5.4 (1297) 16.4£5.0 (267) 15.7%5.2 (209) 17.8%5.5 (2677)
1995~1999 19.6+5.4 (290) 19.0£4.8 (472) 17154 (771) 15.65.0 (544) 14.7£5.0 (438) 17.0%5.4 (2515)
ERRIIRE 19.1=5.2 (3068) 18.95.3 (4100) 17.7£5.4 (4900) 17.2£5.3 (2773) 16.55.3 (2094) 18.0=:5.4 (16935)

Bfrg T35 SD (N



% 10 EEESE-FHIORILNER (£ET—H)

8

ETE 20 ~ 29 30 ~ 39 40 ~ 49 50 ~ 59 . 60 ~ 69 FETE KR
1950~1954  163.6=4.5 (354) 162.5+4.7 (140) 159.9+4.6 (136) 159.8£4.5 (159) 158.5+4.7 (108) 161.6+4.6 (897)
1955~1959  163.1%4.9 (348) 162.0==4.7 (256) 161.1£4.8 (155) 158.84.8 (193) 157.3£4.9 (149) 161.04.9 (1101)
1960~1964  161.5+4.2 (276) 161.3£4.9 (255) 159.6:5.3 (184) 158.1+5.3 (278) 156.745.5 (203) 159.65.1 (1196)
1965~1969  163.6+5.3 (235) 163.4+53(332)  162.1£5.1(192) 160.1£5.1 (242) 158.65.1 (205) 161.85.2 (1206)
1970~1974  166.7%5.5 (182) 163.5£4.9 (299) 162.3+£4.8 (241) 160.6:£5.4 (197) 159.75.0 (201) 162.65.1 (1120)
1975~1979  168.5+5.3 (259) 165.1£5.2 (525) 163.45.4 (289) 161.5:6.2 (226) 160.6+5.3 (156) 164.35.4 (1455)
1980~1984  168.9+4.8 (354) 166.5+5.5 (696) 164354 (299) - 163.1%5.4 (320) 161.35.3 (188) 165.5+5.4 (1857)
1085~1989  170.6=:5.4 (388) 168.6 5.7 (603) 165.0£5.6 (1336)  163.1::5.3 (347) 161.8£5.5 (237) 166.0£5.6 (2911)
1990~1994  171.2:£5.0 (382) 170.0£5.6 (522) 166.8+5.4 (1297)  164.8=5.0 (267) 162.545.2 (209) 167.5+5.5 (2677)
1995~1999  172.5%5.4 (290) 171.1£4.8 (472) 168.2+5.4 (771)  166.2%5.0 (544) 163.05.0 (438) 167.915.4 (2515)
EHRIRE 167.2+52 (3068)  166.4+5.3 (4100) 165154 (4900)  1623%53(2773) 160553 (2094)  164.8+5.4 (16935)

B om

F 1 +SD (NED)



% 11

REESE-FERI0RTEORE (BT
Fin
EELE 20 ~ 29 30 ~ 39 40 ~ 49 50 ~ 59 60 ~ 69 FET- 4 BIHAE
' 1950~1954  52.9%4.5 (354) 52.64.7 (140) 51.8:4.6 (136) 50.3%4.5 (159) 481£47(108) 51746 (897)
1955~1950 55349 (348) .  543%47 (256) 54.7:£4.8 (155) 50.5%4.8 (193) 49.0:4.9 (149) 53.3:4.9 (1101)
1960~1964  54.6:£4.2 (276) 55.54.9 (255) 54.15.3 (184) 52.45.3 (278) 50155 (203) 53451 (1196)
1965~1969  57.2:5.3 (235) 56.45.3 (332) 54.3:£5.1 (192) 53.75.1 (242) 51.2:£5.1 (205) 54.8::5.2 (1206)
1970~1974  57.9455(182) 57.3%49(200) 550%438 (241) 53.8:5.4 (197) 52.8:£5.0 (201) 55.5:£5.1 (1120)
1975~1979  60.1:£5.3 (259) 58.15.2 (525) 54.9:£5.4 (289) 53.9::6.2 (226) 52.845.3 (156) 56.6:5.4 (1455)
1980~1984  61.5:£4.8 (354) 58.9%5.5 (696) 56.4:£5.4 (299) 55054 (320) 52453 (188) 57.7£5.4 (1857)
1985~1989  62.4:£54 (388) 61657 (603)  57.9456(1336) 55553 (347) 53655 (237)  58.6:£56 (2911)
1990~1994 62,950 (382) 63.0£5.6 (522) 59,154 (1297)  56.6:£5.0 (267) 54.25.2 (209) 59.8:£5.5 (2677)
- 1995~1999  65.0:£5.4 (290) 65.7:4.8 (472) 61.5%5.4 (771) 59.02:5.0 (544) 54.5%5.0 (438) 60.9:£5.4 (2515)
FEEARIERE 591552 (3068) 59553 (4100)  57.8::5.4 (4900)  549%53(2773) 52453 (2094)  57.3+54 (16935)
BE: ke 195D (N%)



x 12 HEESFE-FH 1 RIEOHKE (%'f—’;“!)

HEE :
Z4% 185 1880 18R5 _ 1890 _ 1895 _ 1900 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1966 1970 1975 _¥it
50 a6 32 20 18 7 23 29 36 23 13 247
21 1 39 22 27 20 20 34 28 30 19 17 257
29 42 44 27 21 17 24 34 42 29 13 293
23 52 50 20 25 22 32 37 44 27 4 313
24 36 34. 32 21 16 20 29 28 39 33 288
25 - 36 a9 34 25 20 36 38’ 54 37 22 341
pye , 32 . 37 40 29 21 31 34 52 35 30 ’ 341
P 30 44 41 27 28 42 29 33 35 19 328
28 29 35 30 22 15 51 48 54 35 13 332,
29 12 16 41 20 21 31 48 44 49 43 3 328
30 15 36 30 23 22 34 38 41 56 37 332
a1 14 30 22 29 23 45 41 48 30 40 322
32 9 21 27 22 30 61 45 48 4 19 329
a3 ; 17 33 38 27 33 61 57 54 44 17 381
24 14 15 31 26 21 54 49 46 48 38 4 358
5 . 18 34 23 49 32 84 85 60 57 37 479
36 " 25 22 44 32 79 68 51 58 36 426.
37 18 26 21 40 49 85 82 72 62 26 481
38 : 13 20 35 30 74 103 90 64 53 21 503
39 12 14 24 30 41 59 109 91 55 49 4 1 489
40 13 16 19 20 23 30 39 123 96 52 431
41 14 12 16 20 25 23 54 102 80 24 370
42 1 11 17 18 17 23 32 77 116 60 21 393
43 15 9 14 26 31 33 128 113 58 16 443
44 8 12 18 26 20 24 22 129 120 72 5 456
45 13 24 23 23 33 29 30 166 143 78 562
46 13 14 20 19 22 29 75 177 125 71 565
47 19 14 18 10 17 34 11 163 106 56 548
48 17 19 22 14 29 26 138 156 114 30 565
49 13 15 19 17 18 30 34 131 168 104 18 567
50 30 24 31 24 23 41 44 52 28 49 346
51 14 18 26 1 19 21 27 35 17 66 254
52 16 18 32 28 23 30 52 32 27 58 _ 3
‘53 20 14 26 30 22 24 36 37 26 33 v 268
54 8 11 29 27 9 19 25 31 25 31 31 252
55 T 14 20 24 23 27 23 -37 32 25 67 1 , 294
56 16 14 27 20 18 17 24 23 28 58 245
57 S8 1 24 26 20 24 38 38 37 44 . 278
58 16 26 31 21 22 15 18 38 28 45 266
59 9 28 35 26 13 12 20 29 28 33 21 ‘ » 954
60 1 17 21 29 2 19 15 26 42 28 45 . _ 264
61 5 10 14 22 25 19 18 22 27 24 54 240
62" 1 11 1 19 25 30 18 18 28 30 45 236
63 13 19 31 23 24 13 21 23 22 46 235
64 2 8 11 19 27 16 17 12 24 18 26 23 203
65 15 19 29 17 26 20 21 17 23 43 ' 230
66 1 9 10 19 19 15 16 20 24 12 28 173
67 16 4 .16 16 18 15 16 20 15 54 K 200
68 6 8 11 14 12 15 13 15 20 42 156
69 1 4 6 11 19 22 9 19 17 17 23 9 : 157
Fox 1 8 67 133 276 - 427 510 612 624 797 1226 1689 1880 2488 2285 1442 971 731 494 218 47 16935




% 13 HAEESE-FH 1 RILOBREE &ET

&g 1575 1880 1885 1890 1895 _ 1900 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975  {&kt
00 , 183 181 156 176 183 209 207 200 167 192 187
21 160 178 177 168 213 192 190 216 210 209 209 195
22 168 181 . 178 1714 198 193 2.1 206 215 204 192
23 175 188 152 177 191 195 202 198 204 170 188
24 124 185 174 173 186 203 203 207 186 203 : 19.0
25 169 190 166 196 197 201 211 209 204 177 19.3
26 177 197 174 178 209 204 226 203 209 1838 19.6
27 160 176 184 186 185 210 188 208 214  20. 19.1
28 169 178 176 171 189 203 200 197 200 178 189 -
29 179 201 170 186 185 187 202 197 206 182 177 19.1
30 165 205 186 169 182 216 206 215 195 205 19.8
3 180 184 173 177 172 201 208 216 195 1938 19.4
a2 174 174 182 164 188 207 196 206 195 188 192
33 182 175 190 183 204 201 200 196 197 111 193
" 184 192 178 180 - 178 185 200 199 173 188 184 18.6
35 151 181 194 173 181 182 183 200 189 187 18.4
36 174 197 184 181 190 191 188 192 194 202 19.0
37 189 179 158 167 173 192 188 181 187  .19. 18.3
38 186 174 169 159 189 186 197 181 192 181 185
39 174 155 192 194 190 177 190 187 186 186 189 120 18.6
40 169 156 180 180 192 204 186 189 179 178 } 18.4
41 200 183 187 161 167 185 195 183 172 191 182
42 155 176 194 169 161 183 179 179 185 170 16 178
43 193 185 185 146 166 183 182 180 176 168 178
44 150 191 172 164 182 194 202 185 117 189 119 182
45 167 182 168 152 174 193 180 177 166 163 172
46 188 165 178 167 187 180 183 173 171 161 173
47 180 181 171 158 192 185 199 171 . 164 176 1738
48 166 181 195 174 193 170 180 164 172 176 17.4
49 170 192 195 179 176 195 169 174 167 164 146 17.1
50 176 175 191 166 177 191 174 170 170 167 176
51 179 176 168 192 179 183 178 161 176 163 172
52 176 164 169 183 170 192" 179 . 172 156 151 17.0
53 174 179 166 177 182 188 178 172 167 156 173
54 169 163 173 173 182 209 200 188 162 165 151 175
55 19.0 157 166 160 163 _ 170 182 191 179 152 151 213 16.7
56 159 168 157 152 182 161 180 159 162 152 161
57 165 201 177 169 168 191 186 178 116 150 17.4
58 166 173 167 181 183 202  21.3 180 154 146 172
59 214 178 171 169 198 191 198 182 168 151 116 176
60 179 152 176 157 150 170 156 186 162 1563 145 16.0
61 136 152 169 167 179 198 204 200 166 148 146 169
62 197 144 184 114 165 172 189 177 164 158 144 16.4
63 161 158 152 163 182 214 175 188 170 152 1638
64 153 143 167 189 168 208 161 161 177 149 147 142 165
65 153 176 158 147 178 2001 177 188 157 139 165
66 125 157 167 180 162 185 171 171 177 168 147 168
67 158 170 146 179 141 195 198 199 169 1438 16.6
68 151 144 139 158 180 178 183 171 155 148 16.0
69 185 158 127 152 142 192 151 176 152 154 163 146 16.0
i 185 157 151 164 _ 165 _ 169 170 178 178 180 178 123 ~ 175 126 180 186 195 200 199 195 200 _ 180




# 14 HESSE-FHIRILOGR (2T

: HiEE

st {a75 1880 1885 1890 1895 1900 1905 _ 1910 1915 1920 1925 1930 1935 1040 1945 1950 1956 1960 1965 1970 1975 A%
o : . _ 1644 1628 1601 1677 167.9 1688 1694 171.8 1690 1729 167.1
21 1650 1646 1630 1636 1667 1688 1708 1708 171.2 1719 1765 1684
29 . 1633 1636 1618 1654 1648 1665 1735 1715 1713 1739 1673
23 163.6 1619 163.6 1642 1666 169.6 1713 1734 1704 1708 167.2
" 163.6 1630 1618 1625 1674 1683 167.6 1688 1712 1708 166.5
Y 1639 162.6 1615 1632 167.7 1682 1703 1702 1721 1727 167.3
26 1630 1641 1642 1613 1679 1698 1685 169.9 1719 1722 167.3
97 1633 161.3 1626 1639 1663 1684 1698 - 1707 1714 1748 166.8
28 1621 1631 1601 1650 167.1 1680 1698 1709 1726 1717 167.4
29 162.9  162.9 1600 1633 1641 1680 1680 1686 1706 1723 176.7 167.1
10 162.9 1630 160.6 1627 1648 1684 1683 1703 1692 1717 166.9
31 1650 160.9 1607 1649 1640 1648 1689 1708 1717 17238 167.2
32 1629 1634 1614 1619 1655 1663 1675 1692 1713 1748 166.9
33 1622 1617 1628 1646 1640 1668 1689 1703 1725 1708 167.0
2 1641 1613 1613 1651 1649 1639 1667 1700 1698 1704  163.0 166.3
35, 1603 1613 1639 1631 1626 1649 1680 1686 1714 1700 166.3
36 1614 1651 1610 1628 1644 1655 1676 1683 169.8 1728 166.6
37 1620 1613 1615 161.8 1634 1656 1669 1690 1702 1717 166.2
38 1628 161.1 1605 1624 1626 1648 1673 167.1 169.8 1713 165.4
39 1622 1598 1585 1663 1628 1644 1651 167.8 1705 1695 _ 1668 _ 160.0 165.9
40 1588 1608 1596  166.1 1632 1629 1651 1680 1682 1700 166.4
41 1586 1612 161.1 1608 1648 1645 1654 1679 1672 1705 165.9
42 160.0 1589 1594 1617 1637 1638 1639 1647 1659 1699 1665 165.3
43 1609 1607 1606 1613 1615 1627 1645 1674 168.1  169.2 165.0
44 1614 1623 1559 1645 1607 1658 1669 1648 1684 1686 1732 165.9
45 1611 1612 1610 1600 1595 1637 1649 1654 1665 167.8 164.9
46 159.5 1620 1609 160.1 1632 1636 1644 1659 167.1 1683 165.4
47 1597 1599 1584 1625 1651 1641 1633 1646 1662  169.3 164.6
48 1594 1623 1593 1501 1622 1620 1640 1648 1673 1701 164.5
49 1609 1609 1579 1628 1611 1607 1626 1640 1647 1673 1666 164.1
50 1592 1590 1579 1617 1623 1627 1629 1643 1648 1686 162.9
51 1611 1597 1574 1592 160.1 1608 1635 1633 1668 1667 162.8
52 160.4 1562 1608 1626 1629 1631 1626 1634 1669 1688 163.6
53 1611 1595 1584 1587 1595 1632 1631 1637 1667 166.4 162.4
54 1578 1595 1592 1610 1609 1611 1649 1641 1658 167.2 1656 163.4
55 1700 1565 1590 1593  159.8 1597 1626 1628 1625 1648 1651  162.0 162 1
56 1596 1586 1560 1605 159.1 156.6 1604 1626 1614 1654 160.9
57 1594 1603 - 157.2 1599 1602 1608 1632 1628 1638  164.4 161.8
58 1611 1583 1552 1587 1608 160.1 1655 1620 1650 1658 1615
59 1620 1592 1588 1587 1597 1601 1624 1614 1633 1636 1654 1613
60 1580 1561 1579 1579 1571 1597 1607 - 1600 1605 1640  164.0 1603
61 1522 1605 1576 1570 1592 1625 1646 1633 1639 1644 1640 162.0
62 1500 1623 1592 1553 1595 1593 1628 1644 1625 1619 1643 161.4
63 1599 1572 1545 1544 1585 1647 1592 1596 1620 1649 1596
64 1615 1570 1550 1574 1591 1590 1574 1605 1628 1630 1639 1634 1605
65 1538 1585 1565 1615 1582 1594 1621 1613 1615 1609 159.5
66 1550 159.8 1609 1566 1580 1589 1564 1622 1634 1628 1620 160.2
67 {589 1563 157.8 1600 1605 1581 1594 1636 1645 1624 oes
68 1603 1565 1549 1585 1648 1598 1581 1607 1610 1618 160.2
69 1600  161.8 1570 1603 1593 1500 1641 1624 1585 1600 1616 1573 : 1602
TIr 1600 1619 1570 1587 1580 1587 1586 159.7 1607 1615 1624 1628 1636 1649 1672 1684 1697 1708 1720 171.6 1743 1648



£ 15 HAEESF-EH I BRIEORE (T4

Hi44E

&8 1875 1880 1885 1890 1895 _ 1900 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975  #&&
20 528 543  53.1 590  62.1 61.7 61.8 62.2 61.2 65.5 58.4
21 515 547 565 548 593 608 603 60.6 600 604 682 590
22 - 514 551 562 569 554  57. 64.3 620 625 648 - 582
23 536  55.1 574 514 60.8 620  63.1 63.7 63.7 64.8 593
24 523 544 563 587 551 61.7 60.2 59.2 615  64.2 58.3
25 526 547 538 559 573 609 643 609 63.5 66.0 59.0
26 530 564 560 550 623 619 623  63.3 649 648 - 600
27 542 529 554 609 569 582 606  63.9 62.9  68.9 58.8
28 510 556 557 565 614 612 608 64.1 643  61.8 59.7
99 542 535 540 602 550 594 620 617 64.4 64.8 66.7 60.2
20 515 564 575 566 571 595  58.6 628  60.6 66.7 59.5
31 556 529 529 575 563 594 632 640 644 67.6 60.4
32 520 565 554 545  57.1 59.1 565 639 662 69.3 59.7
33 529 544 557 588 599 608 621 62.6 68.0 692 60.8
34 519 525 544 563 582 576 __ 58.1 643 622 63.1 56.8 58.9
35 485 537 547 569 562 567 597 61.1 65.6 64.9 58.9
36 520 570 552 575 594 598 581 626 623 68.9 60.1
37 546 530 . 549 551 55.1 583 613 623 640 659 59.4
38 , 506 537 543 571 568 570 607 610 628 64.2 58.6
39 570 521 555 519 581 567 518 613 _ 626 _ 620 619 62.0 59.1
40 54.1 536 548 5§72 557 564 562 614 612 638 59.5
41 529 560 574 525 577 555 597 606 5§92  69.8 59.2
42 65.0 514 552 552 577 ~ 577 553 572 594 596 61.1 58.0
43 ‘ 508 570 546 544 537 545  58.1 60.1 60.3 655 58.0
44 52.9 558 532 53.9 546 569 57.1 58.7 60.3 63.6 68.0 59.0
45 538  §7.1 540 516 514 564 562  58.1 586  61.0 575
46 524 531 548 - 53.1 567 529 571 580  59.3 59.4 575
47 498 536 522 534 566 576 567 570 572 632 57.1
48 48.7 52.6 54.1 56.9 54.6 51.4 57.5 56.4 61.1 63.1 57.2
49 537 536 511 540 536 513 533 _ 564 566  60.8  56.8 56.4
50 510 520 539 547 551 556 534 562 549 6038 55.2
51 533 520 533 517 548 564 582 555 628 593 56.5
52 491 - 484 531 57.1 544 535 539 568 - 615 617 . 55.9
53 522 505 529 ~ 542 535 558  53.1 553 563 590 54.6
54 484 505 527 530 _ 516 538 564 574 596 617 590 56.3
55 61.5 474 510 514 552 531 549 551 56.1 556  57.1 60.0 54.6
56 48.3 48.1 497 540 520 484 558 533 531 57.9 53.2
57 488 524 511 517 520 519 539 553 538 559 53.3
58 510 502 = 511 53.1 560 525 593 556  57.1 60.4 55.1
59 519 493 638 508 536 524 556 527 544 555 605 53.7
60 510 470 493 5§17 520 546 489 510 521 559 552 "5913
61 414 471 52.8 50.1 53.3  56.1 57.1 553 545 570 548 54,0
62 530 501 532 487 511 525 556 569 541 549 564 53’8
63 483 483 472 485 518 582 504 523 539 516 '52.0
64 55.5 46.8 483 526 509 509 495 496 539 533 579 530 523
65 443 491 494 514 518 504 520 545 519 530 511

. 66 54.0 49.8 515 508 503 537 504 555 550 566 533 50’9
67 512 468 495 543 499 492 484 553 530 526 '51.4
68 49.3 47.1 514 498 563 535 506 535 534 53.0 523
69 535 47.0 441 512 496 518 582 527 517 514 536 - 490 51.6
it 535 51.8 474 4838 49.9 51.0 51.5 53.1 534 539 54.3 54.9 56.2 51.6 59.8 61.1 62.8 63.7 64.1 63.8 66.2 57.3
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1. BFEETEOFROHABFROREER

(1999 3B M%)
Eﬁ% Arrest Fair Normal ST
20~69 £ 28/27.5% 17/16.7% 57/55.8% 102
20~39 & 2/15.4% 2/15.4% 9/69.2% 13
35~69 & 27/28.7% 15/16.0% 52/55.3% 94
T2 BEFRILOFBROBEBFHRIER
(1999 £3EM%)
20~69 &
HEFEK Arrest Fair Normal YL
1920 1/100% 1
1930 11/31.4% 9/25.8% 15/42.8% 35
1940 12/30.7% 5/12.9% 22/56.4% 39
1950 3/18.7% 1/6.3% 12/75.0% 16
1960 1/14.3% 1/14.3% 5/71.4% 7
1970 1/25.0% 1/25.0% 2/50.0% 4
Eoh 28/27.5% 17/16.7% 57/55.8% 102
20~39 &
HAEFK Arrest Fair Normal oI
1950 2/100% 2
1960 1/14.3% 1/14.3% 5/71.4% 7
1970 1/25.0% 1/25.0% 2/50.0% 4
#E 2/15.4% 2/15.4% 9/69.2% 13
35~69 &
HAEFK Arrest Fair Normal T
1920 1/100% 1
1930 11/31.4% 9/25.8% 15/42.8% 35
1940 12/30.7% 5/12.9% 22/56.4% 39
1950 3/18.7% 1/6.3% 12/75.0% 16
1960 1/33.3% 2/66.6% 3
#E 27/28.7% 15/16.0% 52/55.3% 94




20~69 8§

20~39 &%

35~69 &%

%3 BEEILORBROBEBFLHRTER

ETHE Arrest Fair Normal oIV
1978 24/23.1% 19/18.3% 61/58.6% 104
1988 72/29.2% 38/15.4% 137/55.4% 247
1993 41/31.1% 22/16.7% 69/52.2% 132
1998 66/26.4% 38/15.2% 146/58.4% 250,
1999 28/27.5% 17/16.7% 57/55.8% 102
e 231/21.7% 134/16.1% 470/56.2% 835

T Arrest Fair Normal IV
1978 4/12.6% 6/18.7% - 22/68.7T% 32
1988 9/14.5% 5/8.1% 48/77.4% 62
1993 2/13.3% 2/13.3% 11/73.4% 15
1998 5/14.7% 3/8.9% 26/76.4% 34
1999 2/15.4% 2/15.4% 9/69.2% 13
a5 22/14.1% 18/11.6% 116/74.3% 156

RLE Arrest Fair Normal oIV
1978 22/25.9% 15/17.7% 48/56.4% 85
1988 66/33.0% 35/17.5% 99/49.5% 200
1993 40/32.8% 20/16.4% 62/50.8% 122
1998 63/28.0% 36/16.0% 126/56.0% 225
1999 27/28.7% 15/16.0% 52/55.3% 94
KeEt 218/30.0% 121/16.7% 387/53.3% 726




20~69 &

20~39 B

35~69 &%

®4. HEERTEOHROMEBPNRMER

CHEFER Arrest Fair Normal H IV
1910 7/30.5% 4/17.4% 12/52.1% 23
1920 29/30.2% 14/14.6% 53/55.2% 96
1930 85/32.7% ,49/18.9% 126/48.4% 260
1940 74/29.6% 41/16.4% 135/54.0% 250
1950 25/21.4% 17/14.5% 75/64.1% 117
1960 8/11.1% 6/8.4% 58/86.5% 72
1970 3/17.6% 3/17.6% 11/64.8% 17
e 231/27.7% 134/16.1% 470/56.2% 835

HEER Arrest Fair Normal HUTILE
1930 3/100% 3
1940 2/11.1% 3/16.7% 13/72.2% 18
1950 9/19.6% 6/13.0% 31/67.4% 46|
1960 8/11.1% 6/8.3% 58/80.6% 72
1970 3/17.6% 3/17.6% 11/64.8% 17
3 22/14.1% 18/11.5% 116/74.4% 156

HAEFR Arrest Fair Normal HoTILE
1910 7/30.5% 4/17.4% 12/52.1% 23
1920 29/30.2% 14/14.6% 53‘/55.2% 96
1930 85/32.7% 49/18.9% 126/48.4% 260
1940 74/30.4% 41/16.8% 129/52.8% 244
1950 21/22.5% 12/13.0% 60/64.5% 93
1960 2/20.0% 1/10.0% 7/70.0% 10
¥E 218/30.0% 121/16.7% 387/53.3% 726




<#H B> Johnson’s score count

Johnson’ s score count [ZLLFDBYFIEZITo =0
HRIE. B TIIZDE 10 vFRT DTV FOFEHEEFET S, TDH.5 LLTIE
Arrest . 7 LLEIE Normal . FDfEE Fair EFIELT=, '

RAE HEAE
1 EHRERNIZHERSERDT .
2 BREERMLTEY . LN HBEOAEELTNS,
3 SIS LERMBOATFELTNA, |
4 BT BTFEBIEEELTOAENS, BB HEFEELTLS,
5 BT EFHEBEEELTOANS, BRI SEFELTLS,
6 BFIITFEELTUVELA., B FHBaN5~10 BREFEEL TS,
7 BFEHEELTOELD . B FHEBRNSHEEFEL TS,
8 BHEEERNICEFN~10 BREEFELTLS, ‘
9 BT ESHEELTODA HHEEROMBEIIICELANEC TS,
10 WEOBAEL ELLEIILTEY. SROBFEEITLURFHAEE
RLTWA,
<SEH>

‘Johnson SG ; Testicular biopsy score count —A method for restration of spermatogenesis in

human testis : normal values and results in 355 hypogononadal males. Hormones, 1:2 (1970)
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gedoooooooooogogod

0o 000 | 000 0000
0Dooo h(w/w) 0.098 = 0.094 3/3
iR
PCDDs+PCDFs pg/g(fat) 203 220 7 /7
PCDDs+PCDFs WHO TEQ! pg-TEQ/g(fat) 5.7 1.0 777
PCDDs+PCDFs WHO TEQ? pg-TEQ/g(fat) 13 13 777
PCDDs+PCDFs WHO TEQ® pg-TEQ/g(fat) 21 22 777
CoPCBs WHO TEQ! pg-TEQ/g(fat) 7.7 8.1 777
CoPCBs WHO TEQ? pg-TEQ/g(fat) 7.7 8.1 777
CoPCBs WHO TEQ® pg-TEQ/g(fat) 7.7 8.1 777
Total WHO TEQ' (PCDDs+PCDFs+CoPCBs)  pg-TEQ/g(fat) 13 8.5 777
Total WHO TEQ? (PCDDs+PCDFs+CoPCBs)  pg-TEQ/g(fat) 21 19 777
Total WHO TEQ® (PCDDs+PCDFs+CoPCBS)  pg-TEQ/g(fat) 28 30 7 /7
0oooooo
PCDDs+PCDFs pg/g(wet) 0.21 0.21 777
PCDDs+PCDFs WHO TEQ! pg-TEQ/g(wet) 0.006  0.001 777
PCDDs+PCDFs WHO TEQ? pg-TEQ/g(wet) 0.013 = 0.012 777
PCDDs+PCDFs WHO TEQ® pg-TEQ/g(wet) 0.020  0.022 777
CoPCBs WHO TEQ! pg-TEQ/g(wet) 0.0075 = 0.0079 777
CoPCBs WHO TEQ? pg-TEQ/g(wet) 0.0075 = 0.0079 777
CoPCBs WHO TEQ® pg-TEQ/g(wet) 0.0075 = 0.0079 777
Total WHO TEQ! (PCDDs+PCDFs+CoPCBs)  pg-TEQ/g(wet) 0.013  0.0083 777
Total WHO TEQ® (PCDDs+PCDFs+CoPCBs)  pg-TEQ/g(wet) 0.020 = 0.018 777
Total WHO TEQ® (PCDDs+PCDFs+CoPCBS)  pg-TEQ/g(wet) | 0.028 = 0.029 7 /7

WHO-TEFO Toxicity Equivalency Factor WHO,19980

TEQID 0D ODODOOOOOOODO00O0000 Total TEQ
TEQ*0 00 0000000000000 D0D001/2000000Total TEQ
TEQ*0 0000000000000 ODDOO000000T Total TEQ
O0pg/g(fat)D 0000000000 0pyg/g(wet)J 000000000
00pg-TEQ/g(fat) D 000000000000 Opg-TEQ/gwet)D DD DD 000D0O0DOO




grooooopcB0OOO0O0O0O00O0O0O0O0OO0

00 oo gono goog
oooo %(w/w) 0.085 0.12 373
SPEED"98 (DO OO O0O0ODO

2 PCBO u g/kg(fat) N.D. 710 19 /20
4 000D0OO0O0O00ood(HeB) u g/kg(fat) N.D. 32 11 /20
12 goooooooooooa u g/kg(fat) 15 240 20 /20
14 cis-0 0000 u g/kg(fat) N.D. 46 13 /20
trans-0 0000 p g/kg(fat) N.D. 340 16 /20

15 gooooood u g/kg(fat) N.D. 120 17 /20
16 trans-0 0 00O u g/kg(fat) N.D. 340 16 /20
18 p,p"-DDT u g/kg(fat) N.D. 42 14 /20
0,p"-DDT p g/kg(fat) N.D. N.D. 0 /20

19 p,p"-DDE u g/kg(fat) 46 510 20 /20
0,p"-DDE p g/kg(fat) N.D. N.D. 0 /20
p,p"-DDD p g/kg(fat) N.D. 23 1/20
0,p"-DDD p g/kg(fat) N.D. 4 1/20

21 ooo0oo0oao u g/kg(fat) N.D. 13 1/20
22 ooo0oo0oao u g/kg(fat) N.D. 6.2 1/20
23 gooooo u g/kg(fat) N.D. N.D. 0 /20
24 gooooood u g/kg(fat) 7.0 120 20 /20
25 gooooo u g/kg(fat) N.D. 57 2 /20
26 gooooooooood u g/kg(fat) N.D. 32 8 /20
29 goooooo u g/kg(fat) N.D. N.D. 0 /20
48 goooooodof u g/kg(fat) N.D. N.D. 0 /20

SPEED"98 (DO OO OO0

2 PCBO u g/kg(wet) N.D. 0.70 19 /20
4 O0o0o0OO0O0O0oo0od(HeB) u g/kg(wet) N.D. 0.031 11 /20
12 goooooooooooa u g/kg(wet) 0.015 0.23 20 /20
14 cis-0 0000 u g/kg(wet) N.D. 0.045 13 /20
trans-0 0000 p g/kg(wet) N.D. 0.33 16 /20

15 gooogogdd p g/kg(wet) N.D. 0.12 17 /20
16 trans-O0 00 0O O u g/kg(wet) N.D. 0.33 16 /20
18 p,p"-DDT u g/kg(wet) N.D. 0.041 14 /20
0,p"-DDT p g/kg(wet) N.D. N.D. 0 /20

19 p,p"-DDE u g/kg(wet) 0.045 0.50 20 /20
0,p"-DDE p g/kg(wet) N.D. N.D. 0 /20
p,p"-DDD p g/kg(wet) N.D. 0.022 1/20
0,p"-DDD p g/kg(wet) N.D. 0.0036 1/20

21 ooo0oo0oao u g/kg(wet) N.D. 0.013 1/20
22 ooo0oo0oao u g/kg(wet) N.D. 0.006 1/20
23 gooooo u g/kg(wet) N.D. N.D. 0 /20
24 gooooood M g/kg(wet) = 0.0069 0.11 20 /20
25 gooooo u g/kg(wet) N.D. 0.056 2 /20
26 gooooooooood u g/kg(wet) N.D. 0.032 8 /20
29 goooooo u g/kg(wet) N.D. N.D. 0720
48 goooooodof u g/kg(wet) N.D. N.D. 0 /20

N.D.OODOOOOOOO




gsgoooooogoooooooooooooogoogogog

00 oon oo gooog
ooono %(w/w) 0.085 0.12 373
SPEED'98 (DO O OO OO0
38 ooooo-2-0000000 u g/kg(fat) N.D. 160000 6 /10
39 ooooooooooo u g/kg(fat) N.D. N.D. 0 /10
40 ooooo-n-000 p g/kg(fat) N.D. 48000 1710
41 oooooooooooon u g/kg(fat) N.D. N.D. 0 /10
42 oooooooo u g/kg(fat) N.D. 1000 2 /10
63 ooooooood u g/kg(fat) N.D. N.D. 0 /10
64 ooooooood u g/kg(fat) N.D. N.D. 0 /10
65 ooooooood u g/kg(fat) N.D. N.D. 0 /10
36 4-n-000000000(C5) u g/kg(fat) N.D. N.D. 0 /10
4-n-000000000(C6) u g/kg(fat) N.D. N.D. 0 /10
4-n-000000000(C7) u g/kg(fat) N.D. N.D. 0 /10
4-000000000(C8) u g/kg(wet) N.D. N.D. 0 /10
0o0ooooooc9) u g/kg(wet) N.D. N.D. 0 /10
SPEED"98 (DO O OO OO

38 ooooo-2-0000000 u g/kg(wet) N.D. 160 6 /10
39 ooooooooooo u g/kg(wet) N.D. N.D. 0 /10
40 ooood-n-000 M g/kg(wet) N.D. 48 1710
41 oooooooooooon u g/kg(wet) N.D. N.D. 0 /10
42 oooooooo u g/kg(wet) N.D. 1 2 /10
63 ooooooood u g/kg(wet) N.D. N.D. 0 /10
64 ooooooood u g/kg(wet) N.D. N.D. 0 /10
65 ooooooood u g/kg(wet) N.D. N.D. 0 /10
36 4-n-000000000(C5) p g/kg(wet) N.D. N.D. 0 /10
4-n-000000000 (C6) u g/kg(wet) N.D. N.D. 0 /10
4-n-000000000(C7) p g/kg(wet) N.D. N.D. 0 /10
4-000000000(C8) u g/kg(wet) N.D. N.D. 0 /10
0o0oooooo(c9) u g/kg(wet) N.D. N.D. 0 /10

N.D.OODOOOOOOO




=9 BEEHh@OPCDD, PCDFERE

B EEHI-Y mBEEHIY

HoTILE I-1 I1-2 1-3 I1-4 I1-5 I1-6 1-7 I-1 1-2 I1-3 1-4 I-5 1-6 1-7
HUoTIE(g) 31.8 48.1 34.9 335 41.6 30.3 33.3 31.8 48.1 349 33.5 41.6 30.3 33.3
EBIFE=%) 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098
B pg/g(fat) pg/glwet)

2,3,7,8-TeCDD <5 <3 <10 <3 <3 <4 <7 <0.005 <0.003 <0.01 <0.003 <0.003 <0.004 <0.006
1,2,3,7,8-PeCDD <6 <4 <10 12 12 <5 <9 <0.006 <0.004 <0.01 0.012 0.011 <0.005 <0.009
1,2,3,4,7,8-HxCDD <6 <4 <10 <3 <4 <4 <9 <0.006 <0.004 <0.01 <0.003 <0.004 <0.004 <0.008
1,2,3,6,7,8-HxCDD 6 74 <10 28 29 6.8 12 0.0059 0.0073 <0.01 0.028 0.028 0.0067 0.012
1,2,3,7,8,9-HxCDD <6 <4 <10 <3 9.2 <4 <9 <0.006 <0.004 <0.01 <0.003 0.009 <0.004 <0.008
1,2,3,4,6,7,8-HpCDD 20 22 23 18 26 8.5 36 <0.007 0.022 0.022 0.017 0.025 0.0083 0.035
OCDD <2 150 160 170 310 160 150 <0.002 0.14 0.15 0.16 0.30 0.16 0.15
PCDDs 26 180 180 220 390 180 200 0.025 0.17 0.18 0.22 0.38 0.18 0.19
2,3,7,8-TeCDF <2 <2 <5 <1 <1 <2 <3 <0.002 <0.001 <0.004 <0.001 <0.001 <0.002 <0.003
1,2,3,7,8-PeCDF <3 <2 <7 <2 <2 <2 <4 <0.003 <0.002 <0.007 <0.002 <0.002 <0.002 <0.004
2,3,4,7,8-PeCDF <3 <2 <7 43 3.1 <2 <4 <0.003 <0.002 <0.007 0.0043 0.003 <0.002 <0.004
1,2,3,4,7,8—HxCDF <3 <2 <8 <2 <2 <2 <4 <0.003 <0.002 <0.008 <0.002 <0.002 <0.002 <0.004
1,2,3,6,7,8—HxCDF <3 <2 <8 <2 <2 <2 <4 <0.003 <0.002 <0.008 <0.002 <0.002 <0.002 <0.004
2,3,4,6,7,8-HxCDF <3 <2 <8 <2 <2 <2 <4 <0.003 <0.002 <0.008 <0.002 <0.002 <0.002 <0.004
1,2,3,7,8,9—-HxCDF <3 <2 <8 <2 <2 <2 <4 <0.003 <0.002 <0.008 <0.002 <0.002 <0.002 <0.004
1,2,3,4,6,7,8-HpCDF <4 25 11 <2 <2 8.1 20 <0.004 0.0024 0.011 <0.002 <0.002 0.0079 0.020
1,2,3,4,7,8,9-HpCDF 42 <2 <8 <2 <2 48 <6 0.0041 <0.002 <0.008 <0.002 <0.002 0.0047 <0.006
OCDF <3 <2 <9 <2 <3 25 30 <0.002 <0.002 <0.008 <0.002 <0.003 0.024 0.029
PCDFs 42 25 11 43 3.1 38 50 0.0041 0.0024 0.011 0.0043 0.003 0.037 0.049
PCDDs+PCDFs 30 180 190 230 390 220 250 0.029 0.18 0.19 0.22 0.38 0.21 0.24

E)pe/efat); BIHEEH-YDERE. pg/eglwet); BEEH-YDEE




#10 PR OPCDD, PCOFEM%ER '

; IEERSHT-Y DERHY
v I-1 1-2 *1-3 1-4 1-5 1-6 1-7 1-1 1-2 1-3 1-4 1-5 1-6 1-7
o TILE () 318 48.1 349 335 416 30.3 333 31.8 48.1 349 335 416 303 333
BERE &%) 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098
By pe/e(fat) pe/glwet)

WHO-TEF, ,
2,3,7,8-TeCDD 1 0 0 0 0 0 0 0 0 0 0 0 0 )
1,2,3,7,8-PeCDD |1 0 0 0 12 12 0 0 ] 0 0.012 0011 0 0
1,2,3,4.7,8-HxCDD {0.1 0 0 0 0 0 0 0 0 0 0 0 0
1,2,3,6,7,8-HxCDD |0.1 0.6 0.74 0 2.8 2.9 0.68 1.2{{ 0.00053| 0.00073 0 0.0028 0.0028{  0.00067 0.0012
1,2,3,7.8,9-HxCDD 0.1 0 0 0 0 0.92 0 0| 0 0 0 0 0.0009 0 o}
1,2,3.4,6,7,8-HpCDD[0.01 0.2 0.22 0.23 0.18 0.26 0.085 0.36 0.00019| 000022/ 0.00022] 000017 0.00025{ 0.000083| 0.00035
oCcDD 0.0001 0 0.015 0016| 0017 0.031 0016 0.015 0} 0.000014] 0.000015| 0.000016| 0.00003| 0.000016| 0.000015
PCDDs , 0.8 0.98 0.24 15 16 0.78 16|] 0.00078]. 0.00096| 0.00024 0.015 0.015;  0.00077 0.0015
2,3,7,8-TeCDF 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1,2,3,7,8-PeCDF  |0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2,3,4,7,8-PeCDF 0.5 0 0 0 22 16 0 0 0 0 0 0.0021 0.0015 0 0
1,2,3,4,7,8-HxCDF {0.1 0 0 0 0 0 0 0 0 0 0 0| 0 0 0
1,2,3,6.7,8-HxCDF 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 -0
2,3:4,6,7.8-HxCDF |0.1 0 0 0| 0 0o 0 0 0 0 0 0 0 0 0
1,2,3,7.8.9-HxCDF {0.1 0 0 0 0 0 0 0 0 0 0 0 0 ] 0
1,2,3,4,6,7,8~HpCDF|0.01 0 0.025 0.11 0 0 0.081 0.2 0| 0.000024; 0.00011 0 0f 0.000079 0.0002
1,2,3,4,7,8,9-HpCDF{0.01 0.042 0 0 0| 0 0.048 0]} 0.000041 0 0 0 0| 0.000047 0
OCDF 0.0001 0 0 0 0 0| 00025 0.003 0 0 0 ol . 0| 0.0000024| 0.0000029
PCDFs 0.042 0.025 0.11 2.2 - 18 0.13 0.2|| 0.000041| 0000024 0.00011 0.0021 0.0015|  0.00013 0.0002
Total TEQ' 1 1 0 18 17 1 211 000082 000099 0.00035 0.017 0.017 0.0009 0.0017
Total TEQ? 85 _64 18 20 20 6.8 13| 00084 00063 0018 0.019 0.019 00067 _ 0.012
Total TEQ® 16 12 36 22 22 13 24| 0.0158849| 0.0116289 0.035549| 0.0217051| 0.0215717| 0.0124667| 0.023121

WHO-TEF : Toxicity Equivalency Factor(WHO,1998)

TEQ: EB TRMERBDREAEZILLIIBE DTotal TEQ

TEQ™: BB TIRMERBDRIKE TR TIRIED1/2EL 1B DTotal TEQ

TEQY: BB FIREREORIEAKETE TRELLI=HE DTotal TEQ
H)pg-TEQ/g(fat): BB R 1=Y DBUEF R pe-TEQ/ elwet); EERBYDHI SR




F11 EEDOITS5+—PCBEEE

B EEHT-Y mEEHIY

HUTILE I-1 I1-2 1-3 1-4 1-5 I1-6 1-7 I-1 1-2 I1-3 1-4 I-5 1-6 1-7
HUTIE(g) 31.8 48.1 34.9 335 41.6 30.3 33.3 31.8 48.1 349 33.5 41.6 30.3 33.3
EBIFE=%) 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098
B pg/g(fat) pg/glwet)

T4CB#77) 11 87 19 55 <10 100 35 0.011 0.085 0.019 0.054 <0.010 0.1 0.034
T4CB(#81) 12 <9 <9 <9 <9 12 <9 0.012 <0.009 <0.009 <0.009 <0.009 0.012 <0.009
P5CB(#126) 26 68 49 48 42 26 44 0.025 0.067 0.048 0.047 0.041 0.025 0.043
H6CB(#169) 18 35 20 31 17 18 14 0.018 0.035 0.02 0.03 0.017 0.018 0.013
P5CB(#105) 1800 2200 1800 2500 2400 1500 990 1.7 2.1 1.8 25 2.3 14 1
P5CB(#114) 240 350 490 1200 720 290 200 0.23 0.34 0.48 1.1 0.71 0.29 0.2
P5CB(#118) 6400 7700 7700 11000 9900 4900 3600 6.3 75 7.6 11 9.7 4.7 35
P5CB(#123) 78 95 62 95 98 49 35 0.077 0.094 0.061 0.093 0.1 0.048 0.035
H6CB(#156) 1600 1800 2600 7000 3900 1900 1200 1.5 1.8 25 6.8 3.8 1.9 1.2
H6CB(#157) 610 720 940 2500 1400 750 360 0.6 0.7 0.92 2.4 1.4 0.74 0.35
H6CB(#167) 730 740 890 1700 1400 630 420 0.72 0.73 0.87 1.7 1.4 0.61 042
H7CB(#189) 180 220 280 510 430 390 170 0.18 0.21 0.27 0.5 0.42 0.38 0.16

E)pe/elfat); BIHEEH-YDERE. pg/slwet); BEEH-YDEE




#£12 FeuhoaSS5+—PCBEMEE

fepERHT-Y C | REEHY
HoINE I-1 1-2 1-3 1-4 1-5 1-6 1-7 1-1 1-2 1-3 1-4 1-5 1-6 1-7
ST NVE(R) 318 48.1 349 335 416 30.3 333 31.8 48.1 349 335 46 303 333
EE =R )) 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098
By pg-TEQ/g(fat) pg-TEQ/g(wet)
WHO-TEF,

T4CBM#T7) 0.0001 0.0011 00087/ 00019  0.0055 0 0.01 0.0035| | 0.0000011| 0.0000085 0.0000019| 0.0000054 0| 0.00001| 0.0000034
TACB(#81) 0.0001 0.0012 0 0 0 0{ 00012 0| 0.0000012 0 0 0 0| 0.0000012 0
P5CB(#126) 0.1 26 6.8 49 43 42 2.6 44 0.0025|  0.0067 0.0048|  0.0047 0.0041 0.0025 0.0043
H6CB(#169) 0.01 0.18 0.35 0.2 0.31 0.17 0.18 0.14|| 000018 000035 0.0002 0.0003| 000017 000018 0.00013
P5CB(#105) 0.0001 0.18 0.22 0.18 0.25 0.24 0.15 0.099|| 000017] 000021, 000018] 000025/ 0.0023] 000014|  0.0001
P5CB(#114) 0.0005 0.12 0.175 0.245 0.6 0.36 0.145 0.1]| 0000115] 000017 000024] 0.00055| 0.00355| 0.000145 0.0001
P5CB(#118) 0.0001 0.64 0.77 0.77 1.1 0.99 0.49 0.36/| 0.00063| 0.00075| 0.00076 0.0011| 000097 0.00047| 0.00035
P5CB(#123) 0.0001 0.0078| 00095| 00062 00095 00098 00049  0.0035]| 0.0000077| 0.0000094| 0.0000061| 0.0000093  0.00001| 0.0000048| 0.0000035
H6CB(#156) 0.0005 0.8 0.9 13 35 1.95 0.95 0.6|| 000075 00009 0.00125 0.0034 0.0019|  0.00095 0.0006
H6CB(#157) 0.0005 0.305 0.36 0.47 1.25 0.7 0.375 0.18 0.0003] 0.00035| 0.00046 0.0012|  0.0007| 0.00037| 0.000175
HECB(#167) 0.00001 0.0073|  00074]  0.0089 0017 0.014| 00063  00042|| 0.0000072| 0.0000073} 0.0000087| 0.000017| 0.000014| 0.0000061| 0.0000042
H7CB(#189) 0.0001 0.018 0.022 0.028 0.051 0.043 0.039 0017|| 0.000018| 0.000021 0000027, 0.00005| 0.000042| 0.000038| 0.000016
Total TEQ' 49| 9.6 8.1 11.9 8.7 50 59 0.0047 0.0095 0.0079 00116 0.0085 0.0048 0.0058
Total TEQ 49 9.6 8.1 11.9 8.7 5.0 5.9 0.0047| 00095 00079| 00116 0.0085 0.0048 0.0058
Total TEQ® 49 9.6 8.1 119 8.7 5.0 5.9 00047/  0.0095 00079 0.0116 0.0085 0.0048 0.0058

WHO-TEF; Toxicity Equivalency Factor(WHO,1998)

TEQ": £ B TRERBENDEMKZE0LLIHE DTotal TEQ

TEQ: EE TRERZORUAEEE TRMBED1/2£L15E DTotal TEQ

TEQ: EB FTRIEXRGORIEAETR TRELLIHEE DTotal TEQ
) pe-TEQ/g(fat); IERFEE HT-YDEHZE. pe-TEQ/ glwet); BEEHYDEUHFE




gis-igdgpopogecBdoogonooooodn

Ood o0d Ood ood Ood ood od oOd od oOd
oooon Sample [0 -1 Sample O -2 Sample [0-3 Sample O -4 Sample 00-5 Sample O -6 Sample 0O -7 Sample [0 -8 Sample 0O -9 Sample O -10
(1st baby) (1st baby) (1st baby) | (1st baby) @ (l1st baby) (1st baby) | (1st baby) @ (l1st baby) (1st baby) (lst baby)

00000 13.84 7.06 7.8 13.89 9.28 15.33 9.67 12.56 9.68 11.74

0000 %) 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098

oo pa/g(fat) po/g(fat) po/g(fat) pg/g(fat) po/g(fat) pog/g(fat) pg/g(fat) pg/g(fat) pg/g(fat) pg/g(fat)

Mono-PCBLJ <760 <1300 <1300 <720 <840 <470 <830 <570 <800 <770
Di-PCBO] <560 <970 <1100 <600 <630 <340 <620 <450 <610 <550
Tri-PCBO <1500 <3100 <3200 <1800 <2000 <1000 <1900 <1400 <1900 <1700
Tetra-PCBO] <1700 99000 <1600 <790 <960 <530 <1000 <770 <1100 <770
Penta-PCBL] <1700 110000 52000 25000 61000 16000 25000 46000 21000 36000
Hexa-PCBLJ <2200 350000 56000 100000 240000 34000 59000 56000 59000 42000
HeptaPCBLJ <3100 160000 <3000 7400 110000 6600 29000 19000 17000 8500
Octa-PCBU <940 <1900 <2800 <2000 <2100 <920 <1400 <1300 <1700 <1800
Nona-PCBLJ <1000 <2300 <3400 <2700 <3100 <1200 <1800 <1700 <2200 <2200
Deca-PCB <1300 <3200 <4900 <4500 <5600 <2000 <2700 <2300 <3900 <3300
Total PCB[] 710000 110000 130000 410000 57000 110000 120000 97000 87000

Total PCBUO OO ODOODOODODOODOODOO




dis-200dpogpcB0poodooognood

o0d Ood o0 0od ood Ood ood od ood od |

oooono Sample [0 -11Sample O -12Sample [0 -13Sample O -14Sample 0 -15Sample [0 -16Sample 0O -17Sample [0 -18Sample O -19Sample [0 -20
(1st baby) | (1st baby) (1st baby) ' (1st baby) (2nd baby) (2nd baby) | (2nd baby) ' (3rd baby) (3rd baby) @ (1st baby)

0Dooodd@) 10.99 12.95 11.47 11.18 13.52 18.61 21.06 7.98 15.14 19.43
0000 %) 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098
00 pa/g(fat) po/g(fat) po/g(fat) po/g(fat) po/g(fat) pog/g(fat) pog/g(fat) pog/g(fat) pg/g(fat) pg/g(fat)
Mono-PCBOI <770 <550 <480 <440 <780 <770 <1100 <1500 <780 <860
Di-PCBO] <570 <470 <420 <390 <680 <640 <660 <1500 <600 2500
Tri-PCBO <1800 <1500 <1400 <1300 <2200 <1900 <2100 <4700 <2000 12000
Tetra-PCBO 18000 <800 <660 <650 16000 17000 5500 <1000 <500 6300
Penta-PCBO] 17000 81000 19000 32000 21000 23000 13000 11000 28000 20000
Hexa-PCBOJ 33000 130000 46000 82000 58000 59000 52000 40000 66000 42000
HeptaPCBOJ 5700 45000 15000 9400 22000 20000 19000 11000 24000 25000
Octa-PCBOI <1400 <1600 <1500 <1500 <1400 <1400 <1100 <4500 <1400 <1400
Nona-PCBOJ <1800 <2000 <2100 <2000 <1800 <1900 <1400 <5600 <1900 <1900
Deca-PCB <2700 <3400 <4100 <3400 <2700 <3000 <2300 <9100 <3400 <3500
Total PCBO 74000 260000 80000 120000 120000 120000 90000 61000 120000 110000

Total PCBOOOOOOODOOOIOODOOOOO



du4-10gpopgecBdogopoogoogd

Ood o0d Ood ood Ood ood od oOd od oOd
oooon Sample [0 -1 Sample O -2 Sample [0 -3 Sample O -4 Sample 00-5 Sample O -6 Sample 0O -7 Sample [0 -8 Sample 0O -9 Sample OO -10
(1st baby) (1st baby) (l1st baby) | (1st baby) @ (l1st baby) (1st baby) | (1st baby) @ (1st baby) (1st baby) (lst baby)

00000 13.84 7.06 7.8 13.89 9.28 15.33 9.67 12.56 9.68 11.74

0000 %) 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098

g pg/g(wet) ng/g(wet) pg/g(wet) pg/g(wet) pg/g(wet) pg/g(wet) pg/g(wet) pg/g(wet) pg/g(wet) pg/g(wet)

Mono-PCBLJ <0.74 <1.3 <1.3 <0.71 <0.82 <0.46 <0.81 <0.56 <0.78 <0.76
Di-PCBO] <0.55 <0.95 <1.1 <0.59 <0.62 <0.33 <0.61 <0.44 <0.6 <0.54
Tri-PCBO <1.5 <3.0 <3.1 <1.8 <2 <1 <1.8 <1.4 <1.8 <1.7
Tetra-PCBD <1.7 97 <1.5 <0.78 <0.94 <0.52 <1 <0.75 <1.1 <0.75
Penta-PCBO <1.6 110 o1 24 59 15 24 45 21 36
Hexa-PCBL <2.2 340 55 100 230 34 58 55 58 41
HeptaPCBLI <3.0 150 <3 7.3 110 6.4 29 19 16 8.3
Octa-PCBU <0.93 <1.8 <2.8 <2 2.1 <0.9 <1.4 <1.3 <1.6 <1.7
Nona-PCBLJ <0.99 <2.3 <3.3 <2.6 <3 <1.2 <1.8 <1.6 <2.2 <2.2
Deca-PCB <1.3 <3.1 <4.8 <4.4 <5.5 <2 <2.6 <2.3 <3.8 <3.2
Total PCBD 0 700 110 130 400 55 110 120 95 85

pg/gwet) 00O OO0 DOOODONO

Total PCBUO OO ODOODOODODOODOODOO




di4-20000gpcB00o0gooogon

o0d Ood o0 0od ood Ood ood od ood od |

oooono Sample [0 -11Sample O -12Sample [0 -13Sample O -14Sample 0 -15Sample [0 -16Sample 0O -17Sample [0 -18Sample O -19Sample [0 -20
(1st baby) | (1st baby) @ (l1st baby) ' (1st baby) (2nd baby) (2nd baby) | (2nd baby) ' (3rd baby) (3rd baby) @ (1st baby)

0Dooodd@) 10.99 12.95 11.47 11.18 13.52 18.61 21.06 7.98 15.14 19.43
0000 %) 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098
0o pag/g(wet) pg/g(wet) pg/g(wet) pg/g(wet) pg/g(wet) pg/g(wet) pg/g(wet) pg/g(wet) pg/g(wet) pg/g(wet)
Mono-PCBOJ <0.76 <0.54 <0.47 <0.43 <0.76 <0.76 <1.1 <1.4 <0.76 <0.84
Di-PCBO <0.56 <0.46 <0.41 <0.38 <0.67 <0.63 <0.64 <1.5 <0.58 2.5
Tri-PCBO <1.7 <1.5 <1.4 <1.3 <2.2 <1.8 <2 <4.6 <2 11
Tetra-PCBO 17 <0.78 <0.65 <0.64 16 17 5.4 <1 <0.49 6.2
Penta-PCBO] 17 80 18 32 20 22 12 10 27 20
Hexa-PCBO] 33 130 45 81 56 58 51 39 65 41
HeptaPCBLJ 5.6 44 15 9.2 22 20 19 11 23 25
Octa-PCBO] <1.4 <1.5 <1.5 <1.5 <1.4 <1.4 <1.1 <4.4 <1.4 <1.4
Nona-PCBO] <1.7 <2.0 2.1 <2 <1.8 <1.9 <1.4 <5.5 <1.9 <1.8
Deca-PCB <2.7 <3.3 <4 <3.3 <2.6 <3 <2.2 <8.9 <3.3 <3.4
Total PCBO 72 260 78 120 110 120 88 60 120 110

po/gwet) D 0O O0ODOOOOO
Total PCBOOOOODOOOOOCOOOOODOO



=15  EEHO b—4)LPCBEREHIR
B BME | BXE | HREEE
[ERFEE % (w/w) 0. 085 1.2 3/3
SPEED’ 98 |BERFEH Y IRE
2 Mono-PCB%H weg/kg(fat)| N.D. N. D. 0/20
Di-PCB%E weg/kg(fat)| N.D. 3 1/20
Tri-PCB%E we/keg(fat)| N.D. 12 1/20
Tetra-PCB¥E | ue/ke(fat)| N.D. 99 6 /20
Penta—-PCB%E wg/kg(fat)| N.D. 110 19 /20
Hexa-PCB%E weg/kg(fat) N. D. 350 19 /20
HeptaPCB%E we/kg(fat)| N.D. 160 18 /20
Octa-PCB%A we/kg(fat)| N.D. N. D. 0/20
Nona-PCB%H we/kg(fat) | N.D. N. D. 0/20
Deca-PCB we/kg(fat)| N.D. N. D. 0 /20
Total PCB%E we/kg(fat)| N.D. 710 19 /20
SPEED’ 98 |BREHEVRE
2 Mono-PCB%H weg/kgwet) | N.D. N. D. 0 /20
Di-PCB%H wg/kg(wet) | N.D. 0. 0025 1/20
Tri-PCBYE we/keg(wet) | N.D. 0.011 1 /20
Tetra-PCB%E weg/kg(wet) | N.D. 0. 097 6 /20
Penta-PCB¥E we/kg(wet) | N D. 0.11 19 /20
Hexa—-PCB%E we/kg(wet) N. D. 0. 34 19 /20
HeptaPCB%R we/kg(wet) | N.D. 0.15 18 /20
Octa-PCB%E we/kg(wet) | N.D. N. D. 0/20
Nona-PCB%E we/kg(wet) | N.D. N. D. 0 /20
Deca-PCB we/kg(wet) N. D. N. D. 0/20
Total PCB%HE we/kg(wet)| N.D. 0.70 20 /20

N.D. : B HBERFIERH.




016-10 0000000000000 @00000)

oo oad oo oad oo oad oo oad oo oad
ooooo Sample O -1 | Sample O-2 | Sample O-3  Sample 0O -4 | Sample O-5 | Sample O -6 | Sample O -7 | Sample O -8 Sample O -9 Sample O -10
(1st baby) | (1st baby) | (1st baby) | (Ist baby) | (Ist baby) | (1st baby) | (1st baby) | (1st baby) | (1st baby) | (1st baby)
uoooo@ 13.8 7.1 7.8 13.9 9.3 15.3 9.7 12.6 9.7 11.7
00 u g/kg(fat) | p g/kg(fat) | p g/kg(fat) | p g/kg(fat)  p g/kg(fat) | p g/kg(fat) | p g/kg(fat) | p g/kg(fat) | p g/kg(fat) | p g/kg(fat)
SPEED"98 No. ooo
4 0000000000 (HCB) <6.8 32 14 16 21 <6.1 <9.7 9 <9.7 12
12 0000000000000 38 240 26 72 210 41 67 34 42 91
14 cis-00000 <7.7 <15 <14 <7.7 46 <7.0 25 <8.5 <11 35
trans-00000 <4.0 <7.8 <7.1 <4.0 340 64 50 12 74 79
15 oooooodoo 11 75 13 17 123 7 <4.3 34 14 43
16 trans-00 000 <4.0 <7.8 <7.1 <4.0 340 64 50 12 74 79
18 p,p"-DDT <9.7 <8.8 13 15 28 <4.5 11 <5.4 12 26
0,p*-DDT <41 <80 <73 <41 <61 <37 <59 <45 <59 <49
19 p,p"-DDE 62 510 110 120 230 79 66 74 75 83
0,p"-DDE <5.6 <11 <9.9 <5.5 <8.3 <5.0 <7.9 <6.1 <7.9 <6.6
p,p"-DDD <11 23 <19 <11 <16 <9.6 <15 <12 <15 <13
0,p*-DDD <3.6 <7.0 <6.4 3.7 <5.4 <3.3 <5.2 <4.0 <5.2 <4.3
21 ooooa <7.9 <15 <14 13 <12 <7.1 <11 <8.7 <11 <9.3
22 ooooo <8.1 <16 <14 <8.0 <12 <7.3 <12 <8.9 <12 <9.5
23 ooooog <4.4 <8.6 <7.9 <4.4 <6.6 <4.0 <6.3 <4.9 <6.3 <5.2
24 0oOoooooo 38 120 68 77 82 18 12 7 30 68
25 oooooo <9.1 57 <16 10 <14 <8.2 <13 <10 <13 <11
26 oooooooooooo <7.1 32 <13 13 32 <6.4 <10 <7.8 10 24
29 ooooooo <3.2 <6.2 <5.6 <3.2 <4.7 <2.9 <4.5 <3.5 <4.5 <3.8
48 00ooooooon <2.4 <4.6 <4.2 <2.4 <3.5 <2.2 <3.4 <2.6 <3.4 <2.8

Ho/kg(fa)D 0000000000




0162 0000000000000 @OO0000)

oo oad oo oad oo oad oo oad oo oad
ooooo Sample O -11| Sample O -12| Sample O -13 Sample O -14 Sample O -15 Sample O -16 | Sample 0O -17 | Sample O -18 | Sample 0O -19 Sample O -20
(1st baby) | (1st baby) | (1st baby) | (Ist baby) | (2nd baby) | (2nd baby) | (2nd baby) | (3rd baby) | (3rd baby) | (1st baby)
uoooo@ 11 13 11.5 11.2 13.5 18.6 21.1 8 15.1 19.4
00 u g/kg(fat) | p g/kg(fat) | p g/kg(fat) | p g/kg(fat) = p g/kg(fat) | p g/kg(fat) | p g/kg(fat) | p g/kg(fat) | p g/kg(fat) | p g/kg(fat)
SPEED"98 No. ooo
4 0000000000 (HCB) <8.5 14 <8.2 14 <7.0 6.3 10 <12 <6.2 5.7
12 ooooooooooooo 28 240 31 53 69 54 55 43 18 15
14 cis-00000 14 30 21 12 18 15 21 35 25 6
trans-0 0000 72 87 35 110 42 16 38 35 20 76
15 ooooooog 4.5 13 <3.6 17 8.1 8.0 3.9 <5.2 18 31
16 trans-0 000 O 72 87 35 110 42 16 38 35 20 76
18 p,p"-DDT 15 42 15 24 15 12 <3.2 <8.6 12 10
0,p"-DDT <52 <44 <50 <51 <42 <31 <27 <71 <38 <29
19 p,p"-DDE 50 240 70 230 290 76 82 100 46 9
0,p"-DDE <7.0 <5.9 <6.7 <6.9 <5.7 <4.1 <3.6 <9.6 <5.1 <4.0
p,p"-DDD <13 <11 <13 <13 <11 <7.9 <7.0 <18 <9.8 <7.6
0,p"-DDD <4.5 <3.8 <4.3 <4.5 <3.7 2.7 <2.4 <6.3 <3.3 <2.6
21 ooooo <9.9 <8.4 <9.5 <9.7 <8.1 <5.9 <5.2 <14 <7.2 <5.6
22 ooooo <10 <8.6 <9.7 <10 <8.3 <6.0 6 <14 <7.4 <5.8
23 ooooog <5.6 <4.7 <5.3 <5.5 <4.5 <3.3 <2.9 <7.7 <4.1 <3.2
24 Oooooooon 59 54 41 26 30 28 46 63 13 22
25 ooooogd <11 <9.6 <11 <11 <9.3 <6.7 <5.9 <16 <8.3 <6.5
26 0O0o000O000o0O00o 9 <7.5 <8.5 <8.8 <7.3 <5.3 17 <12 <6.5 6
29 ooooooo <4.0 <3.4 <3.8 <3.9 <3.3 <2.4 <2.1 <5.5 <2.9 <2.3
48 00ooooooon <3.0 <2.5 <2.9 <2.9 <2.4 <1.8 <1.6 <4.1 <2.2 <1.7

pg/gwet) D00 O0ODOODOOO




017-1 0000000000000 @0000)

oo oo oo oo oo oo oo oo oo oo
ooooo Sample 0 -1 | Sample 0O-2 | Sample 0 -3  Sample 0 -4 | Sample O -5 | Sample 00 -6 | Sample O -7 | Sample 0 -8 Sample O -9 Sample O-10
(1st baby) (1st babhy) (1st baby) (1st baby) (1st baby) (1st bahy) (1st baby) (1st babhy) (1st baby) (1st babhy)
ooooo@ 13.8 7.1 7.8 13.9 9.3 15.3 9.7 12.6 9.7 11.7
od u g/kg(wet) | p g/kg(wet) | p g/kg(wet)  p g/kg(wet) | p g/kg(wet) | p g/kg(wet) | p g/kg(wet) | p g/kg(wet) | p g/kg(wet) | p g/kg(wet)
SPEED"98 No. oog
4 0000000000 (HeB) <0.0067 0.03 0.014 0.016 0.020 <0.0060 | <0.0095 0.008 <0.0095 0.012
12 0000000000ooo 0.037 0.23 0.026 0.070 0.21 0.041 0.065 0.034 0.041 0.089
14 cis-00000 <0.0076 <0.015 <0.013 <0.0075 0.045 <0.0068 0.024 <0.0083 <0.011 0.034
trans-00000 <0.0040 | <0.0077 <0.0070 @ <0.0039 0.33 0.063 0.049 0.012 0.072 0.077
15 oooooooo 0.010 0.074 0.013 0.017 0.12 0.0071 <0.0042 0.033 0.014 0.042
16 trans-0 0000 <0.0040 | <0.0077 <0.0070 @ <0.0039 0.33 0.063 0.049 0.012 0.072 0.077
18 p,p”-DDT <0.0049 = <0.0095 0.013 0.014 0.028 <0.0044 0.011 <0.0053 0.012 0.026
0,p*-DDT <0.041 <0.079 <0.072 <0.040 <0.060 <0.037 <0.058 <0.044 <0.058 <0.048
19 p,p~-DDE 0.061 0.50 0.11 0.11 0.23 0.077 0.065 0.072 0.073 0.082
0,p"-DDE <0.0055 <0.011 <0.0097 @ <0.0054 @ <0.0081 @ <0.0049 | <0.0078 <0.0060 <0.0078 | <0.0064
p,p"-DDD <0.011 0.02 <0.019 <0.010 <0.016 <0.0094 | <0.015 <0.011 <0.015 <0.012
0,p*-DDD <0.0036 | <0.0069 | <0.0063 0.004 <0.0053 | <0.0032 <0.0051 | <0.0039 <0.0051 @ <0.0042
21 ooooo <0.0077 <0.015 <0.014 0.013 <0.011 <0.0070 | <0.011 <0.0085 <0.011 <0.0091
22 ooooo <0.0079 <0.015 <0.014 <0.0079 <0.012 <0.0072 <0.011 <0.0087 <0.011 <0.0094
23 ooooog <0.0044 | <0.0085 @ <0.0077 @ <0.0043 @ <0.0065 & <0.0039 | <0.0062 | <0.0048 <0.0062 & <0.0051
24 oooooooo 0.037 0.11 0.066 0.076 0.080 0.018 0.01147 0.007 0.029 0.067
25 ooooog <0.0089 0.056 <0.016 0.0097 <0.013 <0.0080 | <0.013 <0.0098 <0.013 <0.011
26 0000000o00ooo <0.007 0.032 <0.0052 0.013 0.031 <0.0026 & <0.0042 <0.0032 0.010 0.023
29 ooooooo <0.0031 | <0.0061 &= <0.0055 @ <0.0031 <0.0046 & <0.0028 | <0.0044 | <0.0034 <0.0044 @ <0.0037
48 ooooooooog <0.0023 | <0.0045 <0.0041 @ <0.0023 <0.0035 @ <0.0021 | <0.0033 | <0.0026 <0.0033 @ <0.0028




0172 0000000000000 @0000)

oo oo oo oo oo oo oo oo oo oo
ooooo Sample O -11 | Sample [0 -12| Sample O -13 Sample [0 -14 Sample O -15 Sample [ -16 | Sample O -17  Sample O -18  Sample 00 -19 Sample O -20
(1st baby) (1st babhy) (1st baby) (1st babhy) (2nd baby) (2nd babhy) (2nd baby) (3rd baby) (3rd baby) (1st babhy)
DO000(g) 11 13 11.5 11.2 13.5 18.6 21.1 8 15.1 19.4
od u g/kg(wet) | p g/kg(wet) | p g/kg(wet)  p g/kg(wet) | p g/kg(wet) | p g/kg(wet) | p g/kg(wet) | p g/kg(wet) | p g/kg(wet) | p g/kg(wet)
SPEED"98 No. oog
4 0000000000 (HeB) <0.0084 0.014 <0.0080 0.014 <0.0068 0.006 0.0093 <0.012 <0.0061 0.006
12 0000000000ooo 0.027 0.23 0.030 0.052 0.068 0.053 0.054 0.042 0.017 0.015
14 cis-00000 0.014 0.030 0.0206 0.011 0.018 0.015 0.020 0.035 0.025 0.0063
trans-00000 0.071 0.085 0.034 0.10 0.041 0.016 0.037 0.034 0.020 0.075
15 oooooooo 0.0044 0.013 <0.0058 0.017 0.0080 0.0079 0.0038 <0.0051 0.017 0.031
16 trans-00000 0.071 0.085 0.034 0.10 0.041 0.016 0.037 0.034 0.020 0.07
18 p,p~-DDT 0.015 0.041 0.015 0.024 0.015 0.012 <0.0032 | <0.0084 0.012 0.0094
0,p*-DDT <0.051 <0.043 <0.049 <0.050 <0.041 <0.030 <0.026 <0.070 <0.037 <0.029
19 p,p~-DDE 0.049 0.24 0.068 0.22 0.28 0.075 0.080 0.10 0.045 0.092
0,p"-DDE <0.0069 | <0.0058 @<0.0066 & <0.0067 @ <0.0056 & <0.0041 | <0.0036 | <0.0094 <0.0050 @ <0.0039
p,p"-DDD <0.013 <0.011 <0.013 <0.013 <0.011 <0.0078 | <0.0068 <0.018 <0.0096 | <0.0074
0,p*-DDD <0.0045 | <0.0038 @ <0.0043 @ <0.0044 <0.0036 = <0.0026 | <0.0023 | <0.0061 <0.0032 @ <0.0025
21 ooooo <0.0097 | <0.0082 & <0.0093 | <0.0095 <0.0079 @ <0.0057 | <0.0051 <0.013 <0.0071 | <0.0055
22 ooooo <0.0099 | <0.0084 <0.0095 | <0.0098 <0.0081 <0.0059 0.0061 <0.014 | <0.0072 | <0.0056
23 ooooog <0.0055 | <0.0046 @ <0.0052 @ <0.0054 @ <0.0045 @ <0.0032 | <0.0029 | <0.0075 <0.0040 @ <0.0031
24 oooooooo 0.058 0.053 0.041 0.026 0.030 0.027 0.045 0.061 0.01265 0.021
25 ooooog <0.011 <0.0095 <0.011 <0.011 <0.0091 & <0.0066 | <0.0058 <0.015 <0.0081 & <0.0063
26 0000000o00ooo 0.0088 <0.0031 | <0.0035 & <0.0036 @ <0.0030 @ <0.0022 0.017 <0.0051 | <0.0027 | 0.0063
29 ooooooo <0.0039 | <0.0033 = <0.0037 & <0.0038 @ <0.0032 & <0.0023 | <0.0020 | <0.0054 @ <0.0028 @ <0.0022
48 ooooooooog <0.0029 | <0.0025 <0.0028 @ <0.0029 <0.0024 <0.0017 | <0.0015 | <0.0040 <0.0021 @ <0.0017




0180 0000000000000 00000000000000@O0000

oo oo oo oo oo oo oo oo oo oo
ooooo Sample O -1 Sample 00 -2  Sample 0O0-3  Sample 00 -4  Sample O-5 | Sample -6 | Sample O -7 Sample 0-8 Sample O0-9 Sample O -10
(1st baby) (1st babhy) (1st baby) (1st baby) (2nd baby) (2nd babhy) (1st baby) (2nd baby) (2nd baby) (2nd baby)
ooooo@ 14.2 4 17.1 17.5 17.6 23.1 9.7 10.9 13.6 13.7
od u g/kg(fat) p g/kg(fat) | p g/kg(fat) p g/kg(fat) | p g/kg(fat) | p g/kg(fat) | p g/kg(fat) | p g/kg(fat) | p g/kg(fat) | p g/kg(fat)
SPEED"98 No. oog
38 00000-2-0000000 43000 <22000 14000 <5000 23000 <3800 <9000 160000 20000 18000
39 coooooooooo <390 <1400 <320 <320 <310 <240 <570 <510 <410 <400
40 0000-n-000 <7900 48000 <6600 <6400 <6400 <4900 <12000 <10000 <8300 <8200
41 00o0ooo0oooooooo <21 <75 <18 <17 <17 <13 <31 <28 <22 <22
42 cooooooo <460 <1600 <380 460 <370 <280 <670 1000 <480 <470
63 ooooooooo <12 <42 <9.8 <9.5 <9.5 <7.2 <17 <15 <12 <12
64 googooooo <120 <420 <97 <95 <95 <72 <170 <150 <120 <120
65 0oooooooo <63 <220 <52 <51 <51 <39 <92 <82 <66 <65
36 4-n-000000000(C5) <270 <970 <230 <220 <220 <170 <400 <360 <290 <280
4-n-000000000(C6) <11 <39 <9.2 <9.0 <8.9 <6.8 <16 <14 <12 <11
4-n-000000000(C7) <14 <51 <12 <12 <12 <8.9 <21 <19 <15 <15
4-000000000(C8) <15 <52 <12 <12 <12 <9.0 <21 <19 <15 <15
000000009 <72 <250 <60 <58 <58 <44 <100 <93 <75 <74

po/kg(fat)0 0000000000




019 000000000000000000000000000@EO0000)

oo oo oo oo oo oo oo oo oo oo
ooooo Sample 0 -1 | Sample 0O-2 | Sample 0 -3  Sample 0 -4 | Sample O -5 | Sample 00 -6 | Sample O -7 | Sample 0 -8 Sample O -9 Sample O-10
(1st baby) (1st babhy) (1st baby) (1st baby) (2nd baby) (2nd babhy) (1st baby) (2nd baby) (2nd baby) (2nd baby)
ooooo@ 14.2 4 17.1 17.5 17.6 23.1 9.7 10.9 13.6 13.7
od u g/kg(wet) | p g/kg(wet) | p g/kg(wet)  p g/kg(wet) | p g/kg(wet) | p g/kg(wet) | p g/kg(wet) | p g/kg(wet) | p g/kg(wet) | p g/kg(wet)
SPEED"98 No. oog
38 00000-2-0000000 42 <21 14 <4.9 22 <3.7 <8.8 160 20 18
39 ooooooooooo <0.38 <1.4 <0.32 <0.31 <0.31 <0.23 <0.56 <0.50 <0.40 <0.40
40 0000-n-000 <7.7 48 <6.4 <6.3 <6.3 <4.8 <11 <10 <8.1 <8.0
4 0000000o00ooo <0.021 <0.074 <0.017 <0.017 <0.017 <0.013 <0.030 <0.027 <0.022 <0.021
42 00oooooo <0.45 <1.6 <0.37 0.45 <0.36 <0.27 <0.65 1.0 <0.47 <0.46
63 00ooooooo <0.012 <0.041 <0.0096 | <0.0094 <0.0093 @ <0.0071 <0.017 <0.015 <0.012 <0.012
64 00ooooooo <0.11 <0.41 <0.095 <0.093 <0.093 <0.071 <0.17 <0.15 <0.12 <0.12
65 0oooooooo <0.062 <0.22 <0.051 <0.050 <0.050 <0.038 <0.090 <0.080 <0.064 <0.064
36 4-n-000000000(C5) <0.19 <0.66 <0.16 <0.15 <0.15 <0.11 <0.27 <0.24 <0.20 <0.20
4-n-000000000(C6) <0.011 <0.038 <0.0090 | <0.0088 @ <0.0087 @ <0.0067 <0.016 <0.014 <0.011 <0.011
4-n-000000000(C€7) <0.014 <0.050 <0.012 <0.012 <0.011 <0.0087 <0.021 <0.018 <0.015 <0.015
4-000000000(C8) <0.024 <0.087 <0.020 <0.020 <0.020 <0.015 <0.036 <0.032 <0.025 <0.025
000000009 <0.070 <0.25 <0.058 <0.057 <0.057 <0.043 <0.10 <0.091 <0.073 <0.073
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2000000000 aGC/MSODOOO

oood 000 HP6800 000 00O O Hewlett Packard[
odno BPX-50 0.22mmID, 25m, film thickness 0.25y mO SGEO
oood 900 (5min) - 100 /min - 2300 - 40 /min - 3000 (5min)
0 O O AutoSpecUIltima(micromass)d 0 0 0 0 0O SIM O
oooomo
oood M>10,000(10%valley) nonooooosky
OO00EID 000000038eV
000600y A 00000002800
ooooooo Native m/zO m/z0O 13C-Labeledd m/z0 m/zO
TetraCDD 319.8965(1 321.8935 331.936801 333.9339
PentaCDD 355.8546(1 357.8516 367.8949( 369.8920
HexaCDD 389.815701 391.8127 401.855901 403.8530
HeptaCDD 423.77670 425.7737 435.816901 437.8140
OctaCDD 457.73770 459.7348 469.778000 471.7750
TetraCDF 303.901601 305.8987 315.9419(1 317.9389
PentaCDF 339.8597(1 341.8567 351.90000 353.8970
HexaCDF 373.82080 375.8178 385.861001 387.8581
HeptaCDF 407.781801 409.7788 419.822000 421.8191
OctaCDF 441.74280 443.7398 451.786000 453.7831
021000000PCBsO GC/MSOODODO
oooo 00 0HP6800 00O OO O Hewlett Packardl
gon SGE HT80O 0.25mmID,500m, film thickness 0.33u m SGEO
googno 900 (2min) - 200 /min - 1700 (5min) - 30 /min - 2850 - 200 /min -
3000
oooo 0 O O AutoSpec Ultima (micromass)0 0 OO 0O O SIM O
oooomo OO0oDO0oOooo8kv
M>10,000(10%valley)
OO0O0EIDO 000000038eV
000 600u A 00000002800
ooooood Native(l m/zO m/z0 13C-Labeledd m/zO m/zO
TetraPCBs 289.9224/291.9195 301.9629/303.9597
PentaPCBs 325.8805/327.8776 337.9207/339.9177
HexaPCBs 359.8415/361.8386 371.8817/373.8788

HeptaPCBs

393.8025/395.7996 405.8428/407.8398




[fooooooog]
000000000 (10ng)

0 p,p*-DDT-"*C1511 10ng
O HCB-"Cennnnn
O PCB_BCBD 5ng] 10ng

Ethanol 85mL
00000000 210000rpm for 10min0l

O0000(3,000 rpm for 10min)

god go
oooog 40mL
g

0oooo oo

oooooooboooODoiomed

gpoooo
3%NaClO O O 200mL
00000 50mL

|

| googno | oo
oo 30mL

go

ooooooo
oooooog
10mL Hexane Solution

g
O

Total PCBO O O O 5mL

Silicagel Column(3.5g Silicagel+1g Na,S0,)
Hexane 100mL(O O O0O)

O O Apply

Hexane 100mL(O O)
Oooooooooooo@m)
0000000 Column(DOOOO0OO 10g+Na,S0, 14)
oooo eoml(@OOO)

00 Apply

ooooO eomL(OO)

75% 0000000 /0000 eomL(OD)
Oo0ooooooooo@me)
Oooo(@.1mL)
oooooooooooon

[0 PCB-"3C¢, 10ng

| GC/MS |

geD00000D00D0O0O00D0OODOO



022 000000000000DOO
UbprpCBsO ge/MSOOODO

oooo 0O 00 HP6800 0 0O OO O Hewlett PackardO
oooo Oodooo PCBs
ood SGE HT80O 0.25mmlID,25m, film thickness 0.33uy mO SGEO
oooo 800 (2min) - 200 /min - 1700 (5min) - 40 /min - 2700 - 200 /min -
3000
oooo 0 O O AutoSpec Ultima (micromass)0 O OO0 OO SIM O
Oooomg ooooooogs8kv
M>10,000(10%valley)
OOOdEld O00oooo38eV
OO O600u A O0Ooooo2sod
ooooood Native[d m/z0 m/z0 13C-Labeled0d m/zO m/zO
MonoPCBs 188.0393/190.0364 200.0795/202.0766
DiPCBs 222.0003/225.9949 234.0405/236.0376
TriPCBs 255.9614/257.9584 268.0016/269.9986
TetraPCBs 289.9224/291.9195 301.9629/303.9597
PentaPCBs 325.8805/327.8776 337.9207/339.9177
HexaPCBs 359.8415/361.8386 371.8817/373.8788
HeptaPCBs 393.8025/395.7996 405.8428/407.8398
OctaPCBs 427.7635/429.7606 439.8037/441.8008
NonaPCBs 463.7216/465.7186 475.7618/477.7588

DecaPCB

497.6826/499.6797

509.7228/511.7199
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