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Particulate air pollutants inhated in the human lung, partly deposit in the lung tissue and
produce black-colored patches, the state called anthracosis. The qualitative and quantitative
analyses of particulate pollutants {PP) accumulated in the lung tissue are seemed to be valuable
to evaluate lung pollution. So, we performed elemental analysis of the PP in the human lung by
several methods, combined with histopathological examination of the lung tissue.

The majority of cases used were obtained from our Saitama Medical School Hospital, and
additional cases were collected from Tokyo, China and New York., Most of lungs were fixed by
intratrachial formalin infusion. Degrees of anthracosis were analyzed by our image-analyzing
system, and histological examination was carried out on every whole pulmonal cut surface
devided into many small pieces, The mineral constitution of pellutants was analyzed by those of
a wavelength-dispersive X-ray fluorescence analyzer, and an atomic absorption analyzer, and an
energy-dispersive X-ray microanalyzer installed in a scanning electron microscope. Nuclear DNA
content of cells was measured on isolated cells from paraffin-embedded tissue sections of lungs.

As results, the image-analysis on 111 autopy cases of Saitama Medical School revealed that
total area of black-collored patches in total area of pulmonal cut surface were 0.05% in minimum,
17.959% in maximum, 3.419% in average. The intensity of anthracosis increased parailel with age
and was severer in males than in females.

The wavelength-dispersive X-ray fluorescence analysis revealed high contents of Si, Ca, Mg,
Feand Alin the PP isolated from lungs of Saitama residents, while other trace elements were also
found. In Saitama cases, PP of smokers showed a higher content of Fe, Zn, Pb and Ca as compared
to non-smokers, and blue-collar workers showed higher content of Ca, Cu, Zn and Pb as compared
to other occupational categories. In Keryberg type-l lung cancer group (squamous cell cancers
and small cell cancers), the level of some heavy metals such as Fe, Ph, Cr, Mn and Ni tended to be
higher than Kreyberg type-lI {adenocarcinamas) or non-cancer group, suggesting significant



pollution by heavy metals in these lung cancer cases. Differences of living places of patients
exhibited apparent difference of elemental constitution of PP, namely, Si and Al were highest in
China cases, lowest in New York cases and middle level in Saitama and Tokyo cases, while Mg,
Cr, Mn and Ni were highest in New York cases and low level in China cases, suggesting
soil-originated air pollution is dominant in China while pollutions derived from industrial
activities are dominant in New York.

The histological examination revealed that accumulation of PP cause damage of alveolar
wall to produce emphysema. Squamous metaplasia of bronchial epithelium was found correlat-
ing with smoking index and also with content of Fe in the PP. Adenomatous metaplasia of
terminal bronchioles and alveoli was found correlating with age and also with content of Cd in
the PP. Both types of metaplasia were found independent to the degrees of anthracosis.

Elementary analysis on the scar tissue in lung cancer lesion by means of the energy-disper-
sive X-ray microanalyzer showed only higher Si content, and no significant higher level of
carcinogenic metals such as Cr or Ni,

The atomic absorption analysis of lung tissue on 314 autopsy cases of Saitama residents
revealed higher content of Fe, Cr, Ni and Pb in males, as compared to females.

Finaly, we feel that the elemental analysis of the PP in the human lung represented valuable
information about atmeospheric pollution of the person in the past. In general, the increasing
atmospheric pollution seemed to develop emphysema of lung, and the occurrence of lung cancers
seemed to have closer correlation with cigarette smoking, and also with some particular pollution

containing heavy metals, not with pollution of commeon type.
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Fig. 1. Meihod of extraction and elemental
analysis of particulate pollutants (PP} in the
jung using X-ray fluorescence technique.
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Table 1.

Contents of cach element in the mineral part of the particulate pollutants (%) represented by

geometrical means, the ranges which include 959 % of data {in blackets} and the numbers of data (in

parentheses) in each group.

t; significantly higher than the other sex by Willcoxon's test (P=0.01).
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Photo. 1. Large amount of black-colored particulate pellutants {arrows) accumulated in fibrotic peri-
pronchiolar tissue of human lung. 71 year-old male. 200x.

Photo. 2. Small amount of black-colored particulate pollutants collected in macrophages (arrows) in
alveolar wall of lung. Same tissue of Photo. 1. 200X,
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Photo. 4. Early phase of emphysema, Alveolar walls were partly disrupted and resulting wider alveolar

air sapces {emphysema) (%), Accumulation of particulate pollutants (arrow) are mild in degree. 28
year-old, female. 40x.
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Photo. 5. Moderately advanced emphysema. Disruption of alveolar walls are enhanced, normal-looking
alveoli diminished in number, and air-spaces became wider (),

Accumulation of particulate
pollutants (arrows) is moderate. 57 year-old, male. 40X.

Photo. 6. Most severely advanced emphysema. Disruption of alveoli became widespread, and normal-
looking alveoli are markedly diminished in number, and air-space (%) become very wide. Accumula-
tion of black-colored pollutants is very severe. 57 year-old, male, 40X,
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Fig. 5. Relation between age and occurrence of metaplasia in respiratory tract.
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Photo. 9. A part of Photo. 8. High-columnar cells are replacing flat alveolar cells (metaplasia). 100X,
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Photo. 10. Adenomatous metaplasia without cellular atypia. 54 year-old, male. 2003,

Photo. 11. Adenomatous metaplasia showing cellular atypia. Nuclei and nuclegli are irregulariy
enlarged. 73 vear-old, male. 200X,
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Fig. 7. DNA distribution patterns of isolated
cells from paraffin sections of bronchial epi-
thelium.
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Fig. 8. DNA distribution patterns of tissue sec-
tions of bronchicle and alveoli.
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Fig. 9. Light micrograph of thickened pleura (left side), and X-ray specirum of elements detecied in
deposits of pleura {right side). Note peak of Ti.
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Table 2. Concentration of 10 elements in the lungs of males females.

(Atomic absorption analysis)

Py Nelepont Fis 4] ta My i [ N1 To 't e
MALLE mean 1268 {202 225K VARG LAT.00 A4 AGh 0015 1.87 0 A0
I::wviﬁ'l OSUh BRD §u1a 459 367.7 0 AR. 2.08 0 5.01 85 1.1 10,05
oL 203
FEMALE megn 1013 11001 2054 7HZ.S 0 125.60 3R .32 0.15 0 1.35 0 8.0
[lt:"‘:ﬁ?-! AN (R a7 L0 2 2.2 47.5 137 G.32 0045 3012 7.9R
N
statirtical w iy
significanre L% v 1% 1%

Table 3. Correlation between age and concentration of element in the lung.

{Atomic absorption analysis)

Fe tu e Mg

MALE - — — — . i -— — —
signifirant 1% 1% 1% oW
Tevel (n=203)

FEMALE -~ — — - ” — e — -
sreni facant 1% (53 oW

jeveltn=l1)

TOT A - e — L N~ S = — — -
stanifreand 1 5% 1% 1% 534

Imelin=314)
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3) AR LIRS o LT OETIRSEkIC £ B
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Table 4. Concentration of 10 elements in the lungs collected from ea

(Atomic absorption analysis)

ch residential area. {age: > 10)

Fe

Cu Ca Mg Zn Cd Ni Co Pb cr
KAWAGOE mean 130§.0 12.45 1874.9 T16.3 133.4 3.89 2.13 0.16 1.56 4.33
N=1id.azei57.7 S.D. 880.8 4,29 592.9 259.7 18.8 2.36 5.98 Q.16 1.34 £.04
TOKORGZAWA mean 1334.7 13.62 3279.3 803.8 133.7 3.49 2.00 0.14 1.63 7.3
k=bB6.age51.0  S5.D. 1313.3 9.00 B64.7 550.9 45.5 2.29 2.15 0,14 1.29  25.54
KUHAGAYA mean 1222.1 10.88 2108.0 836.3 141.0 2.99 1.33 0.15 £.02 5.50
N=33.agel42.1 S.D. 1624.2 3.52 1015.8 200.3 41.8 1.43 0.88 0.12 2.56 13.22
CHICHIBY mean  984.3 ii.42 2083.5 762.0 127.8 2.87 3.20 0.19 1.23 5.36
N=37.age:56.8 S.G. 543.% 5.34 1769.4 252.0 46.0 1.44 6.19 0.18 0.92 7.59
KOSHIGAYA mean 1051.7 T.84 1867.2 729.5 133.5 3.41 2.31 0.15 2.33 1.24
H=8,age144.3 S.Dh.  535.4 2.55 603.8 15§.0 32.9 1.68 b.4] 0.17 0.67 1.00
TODA mean 1113.8 12,28 1717.6 T18.2 167.7 2.99 1.15 .13 1.24 3.23
H=T.ageld8.0 S.b. 410,3 5.41 224.8 155.7 33.6 0.89 0.40 0.08 0.81 3.2
OTHERS mean 1061.3 10.86 1854.7 646.4 129.8 5.79 2.28 0.13 3.80 2.70
H=17.age57.4 S.D. 728.0 4,21 B61.6 287.8 61.2 9.49 2.20 0.10 T.712 2,11
statistical i i
significance 5% 5%
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