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AR EERF 5% mR
<50 mW 107 GHz: immediate corneal stromal
15~80 %9 damage, it was gone by next day.
35GHz | prn 4 (RMAEEEEENHLN. BAHEX)
Rosenthal _
1976) 107 GHz B RRE 35 GHz: persistent corneal damage,
( CW 7 almost always present the next day.
_ . E<BBECLHHT SAMEE
R P R IR (I3 RIRE)
10 mW/cm?2 Neither microscopic examinations nor
8 hr BEIF<E the diagnostic procedures performed on
Kues 60 GHz 4 hrx 5 days F®E | the eyes of aqute and repeatedly
YR T & exposed rabbits found any ocular
(1999) CW AR—27T7 4, | changes that could be attributed to
millimeter-wave exposure at 10 mW/cm?.
(10 mW/cm2THR[EE L)
0~11 J/cm? The threshold of the cornea injury
BB+ (epithelial edema, fluorescein staining)
2 W/cm?2 35 GHz:1.5~5.0's AEES (ERMRE, B 6)RmIE
Chalfin Si ggz 94 GHz2.0-40s | .~ [*33GHZTS Jicm?
(2002) Z 1. ~gWlcm2 1.0 s / (2000 mMW/cm?2, 3.8 s)
"W pumL s sy IR 94 GHz: 5 J/em?
B H & EHRE (2000 mW/cm?, 2.5 s)
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2R DFEFEEN(300 GHzE T)
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> —ABIRIE (RRIE s ST ERFIAICH T3 A KON B, TR2%6H)
VIAREDASEINZEE: 10 mW/cm2LL T
VI ENDASTEHEE: 10 mW/cm2ELF
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10-50 mW/cm2 TERERE N . 100 mW/cm2Ll E TIZF el H M DfEE LTS

(Rosenthal, 19764 )
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> EIRIRIE GRrIgEeo S I ERFIAICH (T2 AEORHigst, TRF4H)

VI AREDOASNENEFE: 50 mW/cm2LLF
VEIENDODASEHEE: 10 mW/cm2ELF
> — AR IR 1N (kpigeo ST ERFIAICE TR A GO EIEE. TRIFE4A)
VIAREDOASNENZE: 10 mW/cm2LLTF

VI ENDASTEHEE: 2 mW/cm2LL T



HEE%E%EGD *EE (Rosenthal, 1976)

* |njury of corneal epithelium evidenced by positive staining
(RIAFXBEGERR)

 |Injury of corneal stroma evidenced by altered corneal transparency

(AIREED

EEITARDOERMETHE)

HARE (+) EE (i GAANI =Y L)

HAEE ()
Scale (R —JL) Symptom (FE4K)
0.0-0.9 GHXXIZHE#E ML) Epithelial injury (£ RFEE
1.0 (Slightly glazed appearance) Stromal injury (EEEE
(MG EA, BT H)
2.0 (Opaque cornea: A IE;E &) Opaque cornea (&R &)
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o IMFFBEAREBHMIRENZE (~20145F)
>18-40 GHz

Characteristics of ocular temperature elevations after
exposure to quasi- and millimeter waves (18-40 GHz)

M. Kojima, Y. Suzuki, C-Y, Tsai, et al., J. Infrared MILLM. TE
(2015)
» 60 GHz

Acute ocular injuries caused by 60-GHz millimeter-wave
exposure.

M. Kojima, M. Hanazawa, Y. Yamashiro, et al., Health Phys.
(2009)
»40, 75, 95 GHz

Ocular effects of exposure to 40, 75, and 95 GHz millimeter
waves. (i)
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HEBE = H/w?ﬁlf

PERDESXBTTE EREXAX
S.W. Rosenthal, 1976 M. Kojima, et al., Health Phys. 2009

S. Chalfin, 2002
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40 GHz

F{E10 %
(AHEBEHEE)

A RREEE
(°C)

%

i_ S
[

AR EREE

400 mW/cm?2_6 min

43.9%+3.6

Damage +(6/8)

Damage +(5/8)

Damage +(5/8)

300 mW/cm2_6 min

41.3*+1.3

Damage +(5/6)

Damage +(1/6)

Damage +(1/6)

200 mW/cm?_6 min

41.3*+15

Damage+ (2/4)

No damage (0/4)

No damage (0/4)

100 mW/cm?2_6 min

50 mW/cm?2_6 min

37127

33.6%1.8

Damage+(1/7)

No damage (0/8)

No damage (0/7)

No damage (0/8)

No damage (1/7)

No damage (0/8)
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75 GHz

ARRERE
(°c)

AlEEREE

I<KE1RE | B ct .
(ASHBHEE) ..
300 mW/cm2_ 6 min | 50.7+1.9 |Damage+ (3/3) Damage+ (3/3) Damage+ (3/3)
200 mW/cm?_6min | 43.8%+4.9 |Damage+ (14/15) | Damage+ (13/15) | Damage+ (13/15)
150 mW/cm2_6 min | 43.1+1.9 |Damage+ (3/6) Damage+ (3/6) Damage+ (3/6)
100 mW/cm?_6 min | 40.2+0.5 |Damage+(1/12) |Damage—(0/12) |Damage—(1/12)
50 mW/cm2_6 min | 37.6+1.5 |Damage—(0/7) Damage— (0/7) Damage— (0/7)
300 mW/cm2_30min| 52.7+25 |Damage+ (5/5) Damage+ (5/5) Damage+ (5/5)
200 mW/cm2 30 min | 49.9+15 |Damage- (4/4) Damage+ (4/4) Damage+ (4/4)
100 mW/cm2_30 min | 42.7+1.8 |Damage+ (3/4) Damage+ (3/4) Damage+ (3/4)
50 mW/cm2_30 min | 37.1+0.8 |Damage+ (5/5) Damage+ (1/5) Damage+ (1/5)
10 mW/cm?_30min| 33.7%x1.0 |No damage (0/3) |No damage (0/3) |No damage (0/3)
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95 GHz

(X{E10%
(ASBEHEE)

A RRERE
(°C)

IR L R EE

AREE

300 mW/cm?2_6 min

46.5+1.3

Damage+ (3/3)

Damage+ (2/3)

Damage+ (1/3)

200 mW/cm?2_6 min

43.7x1.7

Damage+ (11/13)

Damage+ (5/13)

Damage+ (6/13)

100 mW/cm?2_6 min

50 mW/cm?_6 min

37.0£3.3

34.1+2.3

Damage+ (1/9)

No damage (0/4)

Damage+ (0/9)

No damage (0/4)

Damage+ (0/9)

No damage (0/4)
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Probability of corneal damage
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Incident power density [mchrnE]
(Damage Dose: DD)
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18 GHz
200 mW/cm?
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> 18,22, 26.5, 35, 40 GHz[F<KEIZ LA RFAMEE
B ELEE (X 18-40 GHzS Y KBTI B Rk 1Z
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b,
SHEDOFREELT, 6-18 GHzDTal—3VIC
EBT—2ADHTNNLELEZS

18



	眼球に関する研究動向について
	電波の人体への影響についての考え方
	ミリ波ばく露による眼障害の報告
	ミリ波帯の防護指針(300 GHzまで）
	眼障害重篤度の指標 (Rosenthal, 1976)
	総務省受託研究
	本研究の電波ばく露条件（例：150 mW 6分ばく露）
	眼障害診断方法
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	眼表面（角膜）の解剖と眼障害
	スライド番号 16
	スライド番号 17
	まとめ及び今後の課題

