11XC&HIC

1.1 AEZE

7 e —PEEE R (LT Atopy) 1ZERETICIINE TH - 7228, &GO —kZz2il v | JEA 58 oA iIc &
AUE, H14, H17. H20 (213224 28 75, 38 J5. 140 5 A & EENME AN IR E 23 L T\ 5, BIFETIXH
KNFERPEANCR D E TORBRITINAEZ, T—1 v NTIEI0%EBRHEVIFHEbAEREINT
W5, ZORERTH D 0PHBEEND T, BREFROFFENKEN, FICAERETORE L H D, Atopy FBHE D
e, EF. EBRMIERSIDNZEARE SN TV AICHBEL LT, RETHR OIBFRIE DML L Ty, K
WFFEIE Atopy EAN I R T VEE OB 5 2 LA I E Lizadk— MIFZET, m\RmERZ « Ui
KRFPEFLHHLE 72 D@ S, 200 4 3 AICMBEEZER KR I NGBS, #E% 1, HE 104 A
O LS AR R/ NERHE « PEM ARHEIZ X A EOTIZE Uiz /1 (59 1000 %) OEEI X T L&
HENEFERKRT: - 74 Y b=t & =TI, 20010 43 HIZ5E T L7z, Atopy EIEANIRT L
B L OEOFENTIC OV TIL, MZEHCI T 5 100 HH LLE DGR G & I U 7= 3 /0 72 f#AT 2 520
THY, FNICARTETH D, TROWSE L LT, HHiTicl T 2 M8 A% Kuroda et al. (2010) Y K& O
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1.2 EZ2I R I ILOERHE

— %z, AEREEEH OKR COFDFIHA DD . MR EEE 2 E O D LENH H, 2 Tk
&+/XTA%%PT\%E\X7wgwiﬁﬁﬁﬁﬁﬁ&UE%ﬁmﬁ_%féﬁnﬁ%%@ﬁbfﬁto
WD A A =T BIRF 72 % B3 HUE K Cid Biological Trace Element Research 73 1979 4E(Z, Trace Elements
in Medicine (=Trace Elements and Electrocytes)7s 1984 42 Journal of Trace Elements and Electrolytes in Health and
Disease 7% 1987 412, & 51{Z Journal of Trace Elements in Experimental Medicine 7% 1988 #|ZAITI & vz, HAK
TIX International J PIXE OAITIIZ 1990 45 CTd b . NMCC S [FIF FHIFFERRH S DO — 5A% 1993 4R 123 Tl
ST, ARTIIEEZIRXTNVEEFER, R, JREREEOBEELZH > TWDFCH 1980 FAHITN S,
FREHMHERE T i&<£;E ORI DA, BRINTND, ZOXIICEEIRTNVOEF~D
I B L7 2E0 4 A E D lRENTWAIZH DL 63, AR OXS T h D ILiRATH% Otk & &
?ﬁm&ﬂi?@@%ﬁ%E@%%iﬁiwiéwﬁﬁémmﬁbk% TS =670 Te, ERTE D
HDUVNIERBEGRBEBEEDOBEI X TNV EEZTRBRT LI EZHNE LERED KT THY ., Wb D H
La)b\T@%Eﬂ?@%&i (AN

HHHEICBITDEEZI R T VEOERFTHELZTR L TWDHMCE LT, #4eD (1985 1F/hEH (1~19

) 1294 DEEZIRXTNVEOEEEEZRLTVWDAEN, FIZIX14IZF 74, 44 BT, —B{bT

(CIXREE R H DY, FRBA D (2003) I FES S 12 F (Zn, P, Cr, Fe, Cu, Mn, Ca, Mg, K,
M\N\%)@K@%Kﬁ%ﬁaiﬂéi*?wmowf\ﬁﬁ%k%%%“%ﬁ@4o®% IZFLik &
oM AR L TOD R, IS KEIZEEND Zn, P, CriZ oW TIFAEL —HLTWAHA, EVD 9D
DI F TN TEFR LB TOERRNIR Y 35, W OEREBICHE > BEZ I X 7 VEOE{LIZON
TE%(N%)ﬂ%%bfwé#ﬁ%ﬁﬂZOA%ﬁk¢ﬁ<\SDﬁk%Wmo%*@Xﬁu%%ﬁﬁ%m
L CWDEmSIEZ < & 555, Fhn, YEBI, NFEN 72 272 | IEHELL rTRE 72 SCHKIEH T o 5, 51 21X, Zaichick
HiE 80 ADE U7 NZHOWTOREMEEZ RO TND A EAREA /NS W IS, BLOALTHEER S 15-55 ik &
fE T, & 51 Senofonte et al. (2000)i% 2 —~JHET 4 3-15 O 412 AOKHEEEZ RL WD Y, 22T
XRIERE RDIRMRH OMEIIBRIN L CEAfER EAFHR LTV DL, AR 0 L LTEHEAETLIRETHAH, =
DX HIT, EEE S SICTEEEOMHREET DY L TWRNWI &0, BEIXTIVEOESFHAORESEC
&ofwé&%zéo

1.3 XARDEI
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variable Mean SD Min 25% Median 75% Max
B.Na 201.16 173.53 0 82.159 161.32 274.08 1703.7
B.Mg 97.648 80.553 0 36.58 83.967 140.02 542.97
B.Al 10047 73.684 0 35.434 100.62 152.94 350.01
B.Si 171.02 111.95 0 93.607 154.71 220.43 708.38
B.P 95.94 101.16 0 0 74.273 148.98 687.01
B.S 42017 3947.3 29408 39270 42232 45059 52416
B.CI 1112.8 1308.7 0 218.42 599.93 1641.5 10160
B.K 999.14 1214.5 21.202 223.87 504.16 1306.6 9877.8
B.Ca 1311.2 432.84 386.08 993.95 12943 1582.6 2969.2
B.Ti 42.026 39.503 0 14.039 28.778 59.271 24430
B.V 0.543 1.144 0 0 0 0.647 16.632
B.Cr 0.555 0.818 0 0 0.155 0.854 6.446
B.Mn 0.961 1.75 0 0.054 0.659 1.313 39.32
B.Fe 28.023 14.752 10.018 17.881 23.721 33.867 140.63
B.Co 0.368 0.551 0 0 0.081 0.592 5.192
B.Ni 0.579 0.678 0 0 0.373 0.969 7.69
B.Cu 10.362 16.499 2527 6.754 8.251 10.51 435.14
B.Zn 206.24 77.549 53.09 170.40 194.92 225.80 1018.5
B.Ga 0.751 0.726 0 0.048 0.665 1.176 5.735
B.As 0.181 0.516 0 0 0 0 4.495
B.Se 0.859 0.785 0 0.164 0.761 1.312 6.516
B.Br 11.272 9.311 0.543 5.356 8.543 13.966 93.799
B.Rb 1.934 2.723 0 0.395 1.176 2.384 32927
B.Sr 2.738 2462 0 1.134 2.247 3.517 19.295
B.Nb 0.583 1.009 0 0 0 0.857 9.687
B.Mo 0.978 1.812 0 0 0.3 1.358 26.992
B.Ag 0.746 3.077 0 0 0 0 39.929
Bl 29.721 74.551 0 0 0 26.15 1013.9
B.Hg 1.781 1.993 0 0 1.345 2.826 23.066
B.Pb 3.272 9.189 0 0.542 1.502 3.354 200.23
(b) 1 » A Ot
variable Mean SD Min 25% Median 75% Max
M.Na 134.55 118.26 0 64.342 112.81 170.16 1116.9
M.Mg 55.898 54.758 0 9.317 44019 83.359 324.12
M.AI 38.646 45.19 0 0 20.44 68.752 252.66
M.Si 320.69 863.29 0 134.82 213.40 326.03 23693
M.P 101.99 104.36 0 3.449 77.298 160.92 577.80
M.S 46422 4483.6 30046 43522 46270 49517 58738
M.CI 388.57 760.55 0 0 77.632 417.07 6906.0
M.K 374.25 526.24 2.557 81.438 179.96 428.09 3410.4
M.Ca 1883.4 1241.7 323.08 989.09 1505.4 24487 7924.0
M.Ti 34.153 74.643 0 11.611 22.265 40.183 1960.6
MV 0.807 2.337 0 0 0 1.203 60.352
M.Cr 0.561 0.778 0 0 0.154 0.96 4.104
M.Mn 0.904 2.875 0 0 0.442 1.193 65.562
M.Fe 17.213 8.317 4.354 12.201 15.012 19.783 89.928
M.Co 0.481 0.669 0 0 0.182 0.773 5.224
M.Ni 1.69 5429 0 0.237 0.74 1.531 96.624
M.Cu 36.955 49.879 5.262 17.455 24.003 37.549 718.73
M.Zn 294.03 255.54 42.069 206.49 253.66 299.97 4654.3
M.Ga 0.677 0.999 0 0 0.146 1.104 8.075
M.As 0.314 0.645 0 0 0 0.262 3.481
M.Se 0.75 0.775 0 0 0.567 1.246 4.164
M.Br 15.34 30.796 0.033 3.978 6.919 13.712 503.20
M.Rb 2.988 7.547 0 0.275 0914 2.509 129.53
M.Sr 8.851 7.527 0 3.288 6.817 12.278 49.274
M.Nb 0.7 1.18 0 0 0 1.015 7.518
M.Mo 1.161 1.744 0 0 0.146 1.897 10.331
M.Ag 1.49 6.424 0 0 0 0 115.01
M.I 0.831 6.203 0 0 0 0 90.708
M.Hg 4.257 2.945 0 2.069 3.889 6.025 20.979
M.Pb 5.805 7.03 0 1.713 3.77 7.674 77.273
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(c) 10 » H O+fit

NMCC 3 [ AR SE AR SC4£17(2010)

variable Mean SD Min 25% Median 75% Max

10B.Na 162.29 170.97 0 53.886 120.67 210.13 1899.6
10B.Mg 36.523 43.007 0 0 20.384 58.327 22480
10B.Al 90.155 54.066 0 50.573 87.627 123.63 391.65
10B.Si 119.58 60.016 0 83.438 114.42 147.45 995.77
10BP 97.464 95.75 0 15.834 80.393 148.64 887.65
10B.S 44293 3909.8 28412 42055 44139 46148 62667
10B.CI 1943.2 1867.9 0 599.43 14105 2702.1 12947
10BK 888.02 967.06 55.289 250.95 489.28 1209.6 7112
10B.Ca 656.46 437.31 143.76 406.97 540.42 732.00 4813.9
10B.Ti 42.521 42.041 2.031 17.866 30.218 48574 521.96
10B.V 0.519 0.927 0 0 0 0.708 6.308
10B.Cr 0.536 0.848 0 0 0.208 0.804 8.797
10B.Mn 0.8 1.646 0 0.075 0.63 1.181 43.795
10B.Fe 20.547 9.41 7.432 14.283 18.135 23.931 75.356
10B.Co 0.522 0.58 0 0 0.359 0.823 3.72
10B.Ni 1.072 2.102 0 0.274 0.722 1.284 39.368
10B.Cu 20.901 20.967 6.099 12.105 15.407 21.836 312.31
10B.Zn 205.49 200.96 9.45 111.66 182.34 248.38 44216
10B.Ga 1.312 1.031 0 0.694 1.193 1.714 17.746
10B.As 0.274 0.553 0 0 0 0.312 3.463
10B.Se 0.441 0.595 0 0 0.21 0.727 6.66
10B.Br 17.022 13.388 1.47 7.846 13.446 21.761 175.47
10B.Rb 2.873 3.517 0 0.726 1.799 3.776 48532
10B.Sr 2.085 2.727 0 0.52 1.184 2.66 25.689
10B.Nb 0.436 0.681 0 0 0.025 0.674 3.44
10B.Mo 0.704 1.133 0 0 0.146 1.083 11.61
10B.Ag 0.357 1.572 0 0 0 0 25.187
10B.I 0.866 10.521 0 0 0 0 210.26
10B.Hg 1.896 1.677 0 0.394 1.661 2.898 9.487
10B.Pb 3.723 4.834 0 0.944 2.32 4.659 37.418

(d) 10 » H D}

variable Mean SD Min 25% Median 75% Max

10M.Na 178.54 173.7 0 77.644 131.35 225.46 1573.5
10M.Mg 49.372 52.855 0 0.887 34.952 79.996 355.04
10M.Al 50.468 45914 0 12.77 42125 75.396 402.44
10M.Si 282.96 579.53 0 88.006 164.49 284.85 9527.6
10MP 55.831 100.09 0 0 0 78.016 571.15
10M.S 44866 5087.5 26557 41435 44648 48196 59035
10M.CI 536.65 959.23 0 0 170.90 61553 74743
10MK 365.02 478.42 2.351 106.65 207.11 396.95 4658.5
10M.Ca 2153.6 1337.6 259.88 1095.9 1831.7 2970.5 7958.5
10M.Ti 36.86 48.21 0 14.077 24.649 42.753 800.91
10M.V 0.7 3.335 0 0 0 0.752 64.027
10M.Cr 0.362 0.549 0 0 0.005 0.594 3.575
10M.Mn 0.704 1.343 0 0.056 0.492 1.014 33.32
10M.Fe 15.871 14.334 4.661 10.949 13.672 17.561 366.35
10M.Co 0.347 0.49 0 0 0.066 0.609 2.936
10M.Ni 1.23 2.764 0 0.148 0.611 1.242 40.077
10M.Cu 35.343 55.594 2.868 16.469 22.275 33.421 721.22
10M.Zn 330.56 259.05 23.633 216.96 261.71 329.99 2703.7
10M.Ga 0.767 1.006 0 0 0.46 1.18 9.78
10M.As 0.232 0.532 0 0 0 0.099 4.408
10M.Se 0.908 0.75 0 0.219 0.846 1.405 3.854
10M.Br 21.671 110.41 1.297 4414 7.571 15.849 27359
10M.Rb 4.496 28.607 0 0.378 1.151 2.824 711.80
10M.Sr 11.31 8.276 0 4.748 9.741 16.274 46.277
10M.Nb 0.444 0.8 0 0 0 0.635 8.044
10M.Mo 0.581 1.01 0 0 0.061 0.868 12.626
10M.Ag 0.482 7.712 0 0 0 0 167.32
10M.I 0.14 4,053 0 0 0 0 117.04
10M.Hg 3.52 2519 0 1.729 3.466 484 19.635
10M.Pb 4.187 7.395 0 1.111 2.338 4434 94.999
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SHEREBE

3.1 RRMELHME

1), (). ). @iXEnENLr HO7f 145 HORE 10 » HOk, 10 » A OO I X 7 v f5D-
¥j(Mean), FEHERZZ(SD). H&/IME(Min), 25%(Q1), 1 RfE(Median). 75%/:(Q3). A AfE(Max) DIz =7,
HETOPRMEZ KT 7201277 7Lz (1), 72720, IRTAMTOEDEVRREZNDOT, 5
2D 7 NV—7 {Ca, Zn, K, Cl}, {Si, Na, Al, Mg}. {Ti, Cu, Fe, Sr, Br}. {Hg, Pb, Rb, Se}. {Ni, Mn, Ga, Co, Mo, Cr}
WA TR LTz, 72912, Kamakura (1983 )02 5 LMD R B2 P LER Lz, 728 S IHE A
TEICRTHITIEEME (EEhEHLD 0.0001 L) 20T, AL TWRY, Zn bIZIE—ETHDH T ENK
MOIN5, BOFRFL0 REWVERNIZSH S I 12T /01E, Ca, Si, Cu, Sr, Hg, Pb, Ni THYO, #HlZ1D
FRRELDREWVHAICH S IR T, K, Cl, AL Ti Thd, RIUKHTOHERZD I X7 VER T
# L 7= Di Toro et al. (1994) TiX, FOHNEL Y KEWIXxF/LE LT, Cr, Mn, Fe # LiIF T35, Zo
L ORI OfE R & < Bir o 7-#H & LT, DiToroetal. (1994) D5t &M 32 [ OREF & D7z &, FX
FRECIER < EIEOHE TH L Z ENEZXbND, —FH, BFEBIC1 2 ADHERI0MA LYV REVD
HUVNT/NSVEANCSH D S 2 TV, 4RE L kamakura (1983) L 0 K& W2 2T LT K, Al Co. Mo,
Cr. "BV, W/ EZWI 2T /1E Na, Mg, Se. Mn 235, KIZFDOHENRKEVEMIZH D, Clitl »
HOFBRREWEMIZH 50 FEMEIZOWTHREED 77 7 2B L2y, FRIED 7T 7 LIZIF RO
Mz L7,

3.2 ERRIS L

RERSINTIRXTNVEOE A NI T L%2K2 (1) KO 3 E)IRT, AL, BAED PIXEEORKM
FRFUT 1ppm FREE L9 Z 72D T, 1ppm LA R 1 @S2 T # L= T, 013 1ppm LLF & EkE
T 5,

17 AHDOSHDOHRLTEY, 10 » A OSMITITERESRO TER Lz, 0 DEOHEN I 25 /11% Ca, S.
K. Cu. Fe, Zn, Br TREFIZILE L TV 5, —J7, HRAEAY 0, APD 50%LL E2% 1ppm LR D IR F /LI V,
Cr. Mn, Co, Ni, Ga, As, Se, Nb, Mo 23MF7ILIE T, RoIIR7ZTNEENLT 5, 0 2BR< (lppm LV kK&
WHPEMICIRZ) & TR IERSAT 2 I %708 LTREFIE LT Na, AlL P, Cl. Mg, Si, | 23
BT L0, ZHUDLDOTLFEITARBRNBEZ OND, HKEIZ, 0B KFET, 0 2R\ MBIER TIEev ok
As. Se. Rb, Nb. Ag. Hg. Sr. Mo, Pb %, AN L OAREIBICER T EEXZLND, ZNHDILHE
HEFICERET B,
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3.3 B

WICRHFZENZEND0 1 HE 10 W ADEAE B 57201, BAmXAEER L (K ), {EL 1ppm LA FIZh
20 OBETHER L TVD IRTICHONTIE, BAKTIEER Y DL R EEOHENAHII K DHD
T, BEELL CTREIE TR L, TOHMXEZRDE, S, Ca, K, Fe, Zn, Cu @ X HIc, BEFRENS
<A RIZHAEEY BOEB A RBT 5oz nH 5, —F, Ca LW ILHEOHFIZIZFHEIL 150ppm L E
HHDIZ, 1ppm AT EHIE SN A BIN/NSWVEIES RN SEET 5 0# Na, Mg, Al Si. Cl 235, Zhb
DILHEIZHONTIEL, 10 VAMICBIT2BEFT TORBOREIREHNEZSNDDOT, HHMEEZFEDDLZOD
TRNBMELEZD, Ca LVEWVWIEEOFIZITEY OXELPREBTMETH S 1ppm LU TR Fi7et#E Ti, Br
& lppm LU FMR KD IEE S, Po 38 5728, & BICHBUWEOBLE B, BEVER %2 5578 T 5 72 BRI
WNMNELEZ L, BOBARSFEHEOEBZR LTS, —F. 1ppm L RS EIFET 5 TH D= DIE
R LIS EIRERD L DTS FEBRMEICOWTIEINAR D BEOR, AR LRSIV It & RO
LRI IND, FIZOWTIE, FEFHDILHEIT Co, Ni, Ga, Se. I, Hg &Hv ., FKE L TR, AL
AOENREZLND (B 19, —F. BHCOWTIEIEIFHRDOITHEIT AlL P, Cl. Ga, Se. Ag. | 3%,
INBIZOVWTIT 10 0 AMOBREOEENEZ LNDHDOT, BREFICHET LT 7r— MREBREZHNT, ¥
BEEE UIHEHENT 21T TETH 5.
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Abstract

Although the incidence of atopic dermatitis (AD) was rare before the 1945, it has steadily increased to become a major
health concern. According to a Japanese report from the Ministry of Health, Labour and Welfare, the number of AD
patients in 2002, 2005 and 2008 were 280,000, 380,000 and 1,400,000, respectively. The itching caused by the irritation
can be so severe as to prevent patients from leading productive lives and has even led to suicides. Unfortunately, neither
preventive measures nor effective treatments have been established. The objective of this study was to determine the
possible relationships between AD and the concentration of minerals in the hair of infants and mothers, as measured by
the PIXE method.

PIXE was the only possible method to measure neonate hair minerals, since some of them had too few hair strands to
apply the ICP method. We have completed PIXE measurements of hairs sampled at both one and ten month regular
infant checkups of 842 mother-infant pairs. These PIXE measurements were linked to a detailed clinical examination
results, a dietary questionnaire and any diagnosis of AD performed by pediatricians at the ten month check up.

Though journals were founded as far back as 30 years ago to examine the medical application of hair minerals, reference
values for these minerals have not been well documented. The distribution of hair minerals can depend on such factors
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as sex, age, race, hair analytes preparation method, subject’s health condition and environment. To enhance clinical
applications of the use of hair minerals, a greater data base and a deeper statistical consideration regarding the
distribution of hair minerals of healthy subjects are required. Thus, this study reports reference values calculated from
healthy mother-infant pairs in Fukuoka, a Japanese non-industrial city with mild temperatures and typical four seasons.
The results show that no subjects were found to have unusually large amounts of any harmful minerals such as Hg, As,
or Pb. Mothers showed higher amounts of Ca, Si, Cu, Sr, Hg, Pb and Ni than infants. On the other hand, infants showed
higher amount of K, CI, Al and Ti than mothers. These findings were inconsistent with those of Di Toro’s (1994) 42
mother-neonate pairs. The reference values determined from our data also disagree with those of other reports
concerning most minerals. We hope to clear up these discrepancies in future reports to provide unified results that can
aid in the prevention and treatment of AD.
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