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Sunscreen 
Natta Rajatanavin MD. 

ABSTRACT:  
RAJATANAVIN N. SUNSCREEN. THAI J DERMATOL 2558; 31:  219-236. 
DIVISION OF DERMATOLOGY, DEPARTMENT OF MEDICINE, FACULTY OF MEDICINE, RAMATHIBODI 

HOSPITAL, MAHIDOL UNIVERSITY, BANGKOK, THAILAND.  

Ancient Egyptians used extracts of rice, jasmine, and lupine plants to protect themselves from the sun. Acidified 
quinine sulfate was documented as sunscreen since 1889 but enormous progress of sunscreen development started in the 
year 2000. Nowadays, numerous broad spectrum and high efficacy sunscreens were discovered. New method to evaluate 
sunscreen efficacy was also introduced after sun protective factor (SPF) which measure sunscreen efficacy to protect 
sunburn which responsible mainly by UVB. On the contrary, UVA protection system isn.t universal acceptable in all 
countries. In Japan, Protection Grade of UVA or PA system with 4 levels was used since January 2013. In Europeans 
country or EU the symbol of  means that UVA protection isn.t less than 1/3 of SPF. New method to evaluate sunscreen 
will be developing continual because sunscreen is not only intended to protect people from sunburn but also from tanning, 
melasma, photoaging and skin cancer. 
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=>?@ABC>DEFGHI?JกL>MNOP>LJB>Q?JRSกTUJT@@@VOFQUWX?MVS,  PCOก TYZ [\C B\?CS=>]BO[[E^A_  18 
>LกON^FS]SUB[G`SOQF?[CL>, Ritter JW bV>cdTUJ^A_C?JeC\QPf>bW? TUJFgOA hi_JCAbOSCFSObYW_>ULX>กO\STUJ^A_C?JQPf> RiJCA
cYLJJS>UgJTYZQHj>USQPBDUkSbLl^kS=PVMNOP>LJePCVT@JTYZQกN@CZQ[fJMNOP>LJ US[QbCA`>N@T[ก^A_cdO\SCAm^nNoHI?JกL> TUJFgOA
dA bW? acidified quinine sulfate bV>cd=>Hp 1889 PYLJRSก>LX>CAกS[cLq>SUS[QbCA`>N@=PC\r[OC^LXJONnAกS[^@U?d
H[ZUN^nNsSct?JFSกL>T@@B\?Q>W_?JCSu@FBY?@ กS[cLq>SFSกL>T@@TddกVSOก[Zu@@Q[N_C=>Hp 2000 Q>W_?JRSกกS[QcN_CtiX>
t?J?DdLBNกS[vGCZQ[fJMNOP>LJ u@FQwcSZQCYSu>CS=>b>MNOtSO TYZbOSCQtVS=RกYeกกS[QกN@MNOP>LJ`[SRSกT@@ ^kS=PVCA
กS[cLq>SUS[QbCA ^A_CAbDvUCdLBN=>กS[@g@hLdTUJT@@ \̀OJbYW_>B\SJr QcN_CCSกtiX>RSกQ@NC^A_FSกL>T@@RZHI?JกL>e@VQcAFJTUJ
FgOAdA (290-320nm)  ^A_^kS=PVMNOP>LJePCVT@J กfQ[N_CCAกS[cLq>SUS[QbCA^A_CAm^nNoHI?JกL>TUJFgOAQ? \̀OJbYW_>ULX>P[W?FgOAQ?2 (320-
340 nm) hi_JCAMYB\?MNOP>LJbYVSFTUJFgOAdA U\O>TUJFgOAQ? \̀OJbYW_>FSO P[W? FgOAQ? 1 (340-400 nm) TYZ TUJ^A_ \̀OF=>กS[
C?JQPf> (visible light) \̀OJbYW_>ULX> (400-500 nm) QHj>USQPBD^kS=PVMNObYXkS =>HzRRDdL>CAกS[QcN_CUS[BVS>?>DCgY?NU[ZQtVSeH
=>b[ACกL>T@@ QcW_? \̀OFY@?L>B[SFRSก?>DCgY?NU[Z^A_QกN@RSกTUJFgOAbYW_>FSO (UVA 1) TYZTUJ^A_C?JQPf> hi_JTCVRZCA
cYLJJS>B_kSTB\US[กL>T@@=>HzRRDdL>eC\USCS[{ก[?Je@V?F\SJCAH[ZUN^nNsSc ?>DCgY?NU[ZQPY\S>AXCAMYก@[Zdd?NCCg>hi_JQHj>
กYeก=>กS[QกN@CZQ[fJMNOP>LJ TYZUSCS[{ก[ZBDV>Q?f>ehCG^A_F\?FUYSFb?YYSQR>^A_^kS=PVQกN@MNOP>LJQUW_?CRSกT@@ 

0H9CH901I : TUJT@@, [LJUA?LYB[SeOu?QYB, US[HI?JกL>TUJT@@, FSกL>T@@ 

 
0?9J>H9 

TUJT@@ QHj>TPY\JU[V SJcYLJJS> \̀OF=>กS[
C?JQPf> TYZU[VSJONBSCN>@A TB\PSกe@V[LdTUJT@@
H[NCSvCSกQกN>eH RZQHj>USQPBD=PVQกN@MNOePCVT@J MNO
bYXkS |IS ก[ZT@@ MNOP>LJ`[SRSกTUJT@@ TYZCZQ[fJ
MNOP>LJ [OC^LXJ^kS=PVu[bMNOP>LJdSJ`>N@CA?SกS[QYOYJ 

TUJT@@^A_M\S>YJCSFLJcWX>MNOuYกH[Zก?d@VOFTUJ
PYSFbOSCFSObYW_>hi_JCAH[NCSv TYZ bDvUCdLBNTBกB\SJ
กL> e@VTก\ Infrared (bOSCFSObYW_> >760 nm), Visible 
light (400-760 nm), UVA1 (340-400 nm), UVA2 (320-
340 nm), UVB (290-320 nm) U\O>TUJ UVC(200-

290nm) >LX>{gก L̀X> ozone ก[?JeOV eC\USCS[{M\S>CSFLJ
cWX>MNOuYกe@V TB\HzRRDdL>uYกCA L̀X>ozoneY@YJ ^kS=PVTUJ 
UV d[NQOvcWX>MNOuYก^A_ L̀X> ozoneY@YJ M\S>YJCSe@VCSก
tiX> 

TUJ UVB bW?TUJPYLก^A_^kS=PVMNOePCVT@J Q>W_?JRSก
CAbOSCFSObYW_>ULX> RAJCAcYLJJS>UgJ TYZCA chromophore  
^A_UkSbLlbW? DNA  

TUJ UVA ^A_U\?JYJCSFLJcWX>uYกCAH[NCSvUgJกO\S 
UVB {iJ 20 Q^\S C>DEFGCAu?กSUe@V[Ld UVA CSกกO\S 
UVB Q>W_?JRSก UVA CAH[NCSvb\?>tVSJbJ^A_ 
QHYA_F>THYJBSCm@gกSYP[W? \̀OJQOYS>V?F >?กRSก>AX 
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UVA FLJUSCS[{U\?JM\S>ก[ZRกTYZQC�e@V@A@VOF TB\
Q>W_?JRSกbOSCFSObYW_>^A_FSOกO\S^kS=PVCAcYLJJS>B_kS กS[
^kS=PVMNOePCVT@J@VOF UVA BV?J= V̀cYLJJS>CSกกO\S 
UVB {iJ1,000Q^\S กS[]iกES=>[ZFZT[กRiJCD\JQ>V>eH
QcW_?HI?JกL> UVB QHj>PYLก HzRRDdL>FSกL>T@@^A_CAm^nNo
HI?JกL> UVB CACSกCSFTYZb\?>tVSJUCdg[vG QHj>HzRRLF
P>i_J^kS=PVb>MNOtSOUSCS[{?Fg\กYSJT@@e@V>S>TYZ
e@V[Ld UVA CSกtiX>กO\S ^A_QbFCA UVB QHj>QPCW?>
ULllSvQBW?>sLF=PVPYdT@@  

>LกON^FS]SUB[GQ[N_CU>=R]iกESbOSCUSCS[{t?J 
UVA =>กS[^kS=PVQกN@กS[QHYA_F>THYJ^A_MNOP>LJTYZ
cdO\S 30% t?J UVA USCS[{U\?JM\S>YJeHe@VYiก{iJ

L̀X> papillary TYZ reticular dermis @LJ>LX>RiJUSCS[{^kS

=PVQกN@กS[QHYA_F>THYJt?JQUV>=F?AYSUBNb, QhYYGUATYZ
QUV>QYW?@ e@V=>H[NCSv^A_B_kSกO\SH[NCSv^A_^kS=PVMNOP>LJ
ePCVT@JCSก u@FกS[QHYA_F>THYJ>\SRZQกN@RSก free 
radical TYZกS[^kSYSFt?J lysozyme membrane 

>?กRSก>AX UVA FLJCAbOSCUSCS[{^kS=PVQกN@ 
sunburn cell กS[QHYA_F>THYJt?J DNA,กS[QกN@ P53 
mutation TYZQ[N_CcdO\S UVA 
?SRCAd^dS^UkSbLl=>กS[QกN@CZQ[fJMNOP>LJ`>N@ 
melanoma @VOF MYกS[]iกEStVSJBV>U[DHO\S TUJ^LXJ`>N@ 
UVA TYZ UVB ก\?=PVQกN@u[bTYZกS[
QHYA_F>THYJt?JMNOP>LJe@VCSก>V?FTBกB\SJกL> 
@LJBS[SJ^A_1, 21 

 

<9:9G/KL 11   `>N@t?JTUJ^A_ก\?=PVQกN@u[bTYZกS[QHYA_F>THYJt?JMNOP>LJ 

1. กS[]iกES=>C>DEFG 2. กS[]iกES^SJ[ZdS@ON^FS 
3. กS[]iกES=>ULBOG^@Y?J 4.กS[]iกES=>[Z@LdQhYYG 

ACTION SPECTUM OF PHOTODAMAGE 
Effect Spectrum of light Type of evidence 

 UVB UVA Visible Infrared A  

MNOePCVT@J ++++ +   1 
MNO`[SRSกT@@ ++++ ++ + + 1,3,4 
CZQ[fJMNOP>LJ`>N@ SCC 
(Squamous cell carcinoma) 

++++ +   2, 3, 4 

กS[ก@sgCNbDVCกL> (Photoimmune 
suppression) 

++++ ++   1, 3, 4 

CZQ[fJMNOP>LJ`>N@ BCC (Basal 
cell carcinoma) 

+++ ?   2, 4 

CZQ[fJMNOP>LJ`>N@ MM 
(Malignant melanoma) 

++ +   3, 4 

MW_>TcVTUJT@@ (Photosensitivity) + +++ +  1 
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<9:9G/KL 21  `>N@t?JTUJ^A_ก\?=PVQกN@u[bMNOP>LJ 

CLASSIFICATION AND ACTION SPECTRA OF PHOTOSENSITIVE SKIN 

Disease Spectrum of light 

 UVB UVA Visible 
Lupus erythematous +++ ++  
Porphyria   +++ 
Photodrug reactions + +++ + 
Photoirritant contact dermatitis  +++  
Photoallergic contact dermatitis  +++  
Actinic prurigo ++ ++  
Chronic actinic dermatitis +++ ++ + 
Polymorphic light eruption + ++  
Solar urticaria + ++ ++ 
Hydroa vacciniforme + ++  

 

กS[HI?JกL>TUJT@@^kSe@VPYSFONnA2Q \̀> 
?S]LF[\CQJS?SbS[ [\C QUWX?MVS PCOก QHj>BV>
TB\FSกL>T@@QHj>P>i_J^SJQYW?กTYZCAกS[= V̀QcN_CCSกtiX> 
u@FQwcSZกYD\CH[Z`Sก[=>ULJbCQCW?JTYZ^kSJS>=>[\C 
TB\PSกQYW?ก`>N@FSกL>T@@TYZ>kSeH= V̀eC\{gกBV?J?SR
eC\CAH[ZUN^nNsScQcAFJc? P[W?QกN@?L>B[SFRSกbOSC
QtVS=RMN@O\SHI?JกL>QcAFJc?TYVO
[OC^LXJก\?=PVQกN@bOSCUglQUAF 
^SJQ][E�กNRQ>W_?JRSกFSกL>T@@H[ZUN^nNsScUgJCLกBV?J
>kSQtVSRSกB\SJH[ZQ^]TYZCA[SbSTcJ 
39ก1>B223,4 

bW?US[QbCÂ A_CAbDvUCdLBNHI?JกL>MNOP>LJRSกTUJT@@ 
กYeก=>กS[??กm^nNoTd\Je@VQHj> 3 ONnA TYZTd\J 
FSกL>T@@e@VQHj> 4 กYD\CBSCกYeก>AX  

1. Organic P[W? chemical sunscreen 
QHj>US[QbCA^A_CAbDvUCdLBN=>กS[@g@hLdTUJTYVOQกN@กS[Q
HYA_F>THYJt?Jub[JU[VSJ^SJQbCAt?JUS[>LX> 

2. Inorganic P[W? physical sunscreen P[W? opaque 
sunscreen 
CAbDvUCdLBN^idTUJ^kS=PVTUJeC\USCS[{U\?JM\S>eHe@V 
TB\RZ{gกUZ^V?>??กCS TYZeC\QกN@H�NกN[NFSQbCA 

3. Organic microparticle  QHj>กYD\C^A_CAกS[cLq>S 
tiX>CS=PC\̂ kS=PVUSCS[{??กm^nNoe@V 2 กYeกbW? ^LXJ 
@g@hLdTUJTYZUZ^V?>TUJ CLกCAuCQYกDYt>S@=Pl\ TYZ
HI?JกL>TUJe@VPYSFbOSCFSObYW_> 

4. Tanning sunscreen ^kS=PVMNOUAbYXkStiX> 
TYZTUJM\S>eHe@V>V?FYJ 
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39ก1>B22Y:=Z[/C9:Z0JK Organic (chemical) 
sunscreen3 

US[กL>T@@=>กYD\C>AXQHj> aromatic compound RLdกLd 
carbonyl group =>BkSTP>\J ortho P[W? para 
^kS=PVUSCS[{@g@hLdTUJbYW_>ULX>^A_CAcYLJJS>UgJ Q \̀>TUJ 
UV ^A_CAbOSCFSObYW_>[ZPO\SJ 250-350 mm 
QCW_?e@V[LdcYLJJS> uCQYกDYt?JUS[กL>T@@RZ{gกก[ZBDV> 
RSก ground state QtVSUg\ excited state PYLJRSก>LX> 
RZCAกS[HY\?FcYLJJS>??กCSe@V 3 YLกEvZ QcW_?bW> 
กYLdUg\ ground state  

YLกEvZ^A_ 1 bW?HY\?F??กCS=>[gHbOSC[V?>u@FCA 
bOSCFSObYW_>CSกกO\S 800 nm TB\bOSC [V?>>AXCAH[NCSv
>V?FCSก QCW_?Q^AFdกLdbOSC[V?>^A_e@V[LdRSกTUJ?S^NBFG 

YLกEvZ^A_ 2 HY\?FcYLJJS>=> \̀OJbOSCFSObYW_> 
450-800 nm CAYLกEvZQHj> fluorescence P[W? 
phosphorescent ^kS=PVQPf>YLกEvZQ[W?JTUJ=> 
FSกL>T@@dSJ`>N@ 

YLกEvZ^A_ 3 =>ก[vA^A_cYLJJS>^A_QPYW?UgJCSก 
cYLJJS>^A_{gกHY\?F??กCSRZFLJ?Fg\=> \̀OJ bOSCFSObYW_> 

380-450 nm TYZQกN@H�Nก[NFSกLduCQYกDYt?JFSกL>T@@ 
?Aกb[LXJu@FH�NกN[NFS^A_QกN@tiX> QHj> cis-tranP[W?keto-enol 
isomerization QCW_?H�Nก[NFS>AXQกN@tiX>RZQกN@กS[QHYA_F> 
THYJbOSCUSCS[{ =>กS[@g@hLdTUJt?JFSกL>T@@e@V  

Organic sunscreen Q@NCQ>V>กS[HI?JกL>TUJ UVB 
TB\HzRRDdL>Q[ScdO\S UVA กfCAbOSCUkSbLl 
=>กS[QกN@CZQ[fJMNOP>LJTYZ photoaging [\OCกLd UVB 
FSกL>T@@[D\>=PC\RiJCAbDvUCdLBNHI?JกL> UVA @VOF 
=>tvZ>AXFLJeC\CAUS[QbCA`>N@=@^A_CAH[ZUN̂ nNsSc@AHI?JกL
>e@V^LXJ UVATYZUVB UCdg[vG=> BLOQ@AFOกL> 
@LJ>LX>FSกL>T@@=>HzRRDdL>RiJBV?J= V̀US[QbCA 3-4 
H[ZQs^MUCกL>   

Organic sunscreen hi_Je@V[LdกS[F?C[LdO\SHY?@sLF 
TYZCAH[ZUN^nNsSc@Au@F FDA t?J UP[L�?QC[NกSCAQcAFJ 
16 `>N@ UkSP[Ld=>FDu[H??UQB[QYAFTYZlA_HD�>RkS>O> 
US[QbCA^A_F?C[Ld=PV= V̀e@V {iJ 55 `>N@ Q[SUSCS[{RL@Td\J 
chemical sunscreen e@VQHj> 8 กYD\C BSCub[JU[VSJ 
^SJQbCATYZ 3 H[ZQs^BSCbOSCUSCS[{=>กS[HI?JกL> 
TUJ (BS[SJ^A_ 3,4) e@VTก\ 

 

<9:9G/KL 3 US[กL>T@@^A_CAm^nNoHI?JกL> UVB TYZUVA II (320-340) 

UVB (290_320 nm) and UVA ll (320_340 nm) 

COLIPA USAN Abbreviation Trademark INCI Peak absorption(nm) 
S8 Padimate O EHDP Eusolex 6007 Ethylhexyl dimethyl PABA 311 
S12 Homosalate HMS Eusolex HMS Homomenthyl salicylate 306 
S13 Octisalate EHS Neo Heliopan OS Ethylhexyl salicylate 307 
S28 Octinoxate EHMC Uvinul MC 80 Ethylhexyl  

methoxycinnamate 
311 

S32 Octocrylene OCR Uvinul N 539 T Octocrylene 303 
S38 Oxybenzone BP3 Uvinul M40 Benzophenone-3 288,325 
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UVB (290_320 nm) and UVA ll (320_340 nm) 

COLIPA USAN Abbreviation Trademark INCI Peak absorption(nm) 
S40 Sulisobenzone BP4 Uvinul MS40 Benzophenone-4 366 
S45 Ensulizole PBSA Eusolex 232 Phenylbenzimidazole  

sulfonic acid 
310 

S60 Enzacamene MBC Eusolex 6300 4-Methylbenzylidene 
camphor 

300 

S74  PS15 Parsol SLX Polysilicone-15  
S75 Titanium 

dioxide 
TIO2 Eusolex T2000 Titanium dioxide  

COLIPA = Europe Cosmetic Toiletry and Perfumery Association 
INCI = International Nomenclature Cosmetic Inqredient 
USAN = US adopted name 

 
<9:9G/KL 4 US[กL>T@@^A_CAm^nNoHI?JกL> UVB TYZ UVA I (340-400 nm) 

Broad-spectrum and UVA I (340_400 nm) 

COLIPA USAN Abbreviation Trademark INCI Peak absorption 
(nm) 

S66 Avobenzone BMBM Parsol 1789 Butyl 
methoxydibenzolymethane 

360 

S71 Ecamsule TDSA Mexoryl SX Terephthalylidene dicamphor 
sulfonic acid 

345 

S73  DTS Mexoryl XL Drometrizole trisiloxane 300,340 
S76 Zinc oxide ZnO ZnO (Nanox) Zinc oxide  
S79 Bisoctrizole MBBT Tinosorb M Methylene bis-benzotriazolyl 

tetramethylbutylphenol 
305,360 

S80 Bisdisulizole  
disodium 

DPDT Neo Heliopan AP Disodium phenyl di  
benzimidazole tetrasulfonate 

335 

S81 Bemotrizinol BEMT Tinosorb S Bis-ethylhexyloxyphenol  
methoxyphenyl triazine 

310,343 
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Y:=Z[//KL 1 C9:ก:5G UVB (<9:9G/KL 3)5 
กab4J/KL 1 PABA TYZ PABA derivative   >kSCS= V̀

BLXJTB\Hp 1942 TYZe@V[LdbOSC>NFCCSก=> \̀OJHp b.]. 
1950-1960 CAbDvUCdLBNHI?JกL>TUJbOSCFSObYW_> 260-
315 nm. hi_J?Fg\=> \̀OJ UVB u@FCA peak absorption ^A_ 
296 nm US[QbCA^A_RL@?Fg\=>กYD\C>AXTYZe@V[LdbOSC>NFC
Tc[\PYSFe@VTก\ P-aminobenzoic acid, glyceryl 
aminobenzoate, Padimate-A, Padimate-O =>[ZFZPYLJ
Q>W_?JRSกCA[SFJS>กS[TcV PABA CSกtiX>P[W?กS[QHj>
USQPBDt?J SLE ^kS=PVbOSC>NFCY@YJ TB\ PABA กfFLJ
QHj>FSกL>T@@^A_CAH[ZUN^nNsSc@A=>MgVH�OF^A_eC\CAH�NกN[NFS
TcV tV?@At?J PABA ester bW? chemical inert, UV stable 
{gก@g@hiCM\S>MNOP>LJ>V?FTYZ[SbS{gกTB\YZYSF>XkS 

กab4J/KL 2  Salicylate QHj>FSกL>T@@`>N@T[ก^A_CA
[SFJS>eOVBLXJTB\Hp 1931TYZFLJbJ= V̀?Fg\=>HzRRDdL> CA
bDvUCdLBNHI?JกL>TUJ UV \̀OJbOSCFSObYW_> 250-320 
nm. tV?@AbW? HY?@sLF  {gก@g@hiCM\S>MNOP>LJ>V?FCAbOSC
bJ^> TYZeC\YZYSF>XkS CAm^nNob\?>tVSJ?\?>TB\>NFC= V̀
Qc[SZ \̀OF^kS=PVUS[กL>T@@?W_>bJBLO TYZCAm^nNo \̀OF
YZYSFFSกL>T@@กYD\C Oxybenzone,  Salicylate MUCJ\SF
=>Qb[W_?JUkS?SJ `>N@^A_>NFC= V̀กL>CSกbW? Octisalate (2-
ethylhexyl-salicylate) TYZ Homosalate (homomethyl 
salicylate) U\O> triethanolamine salicytate >NFCMUC=>
T`Ccg 

กab4J/KL 3  Cinnamate CA^LXJUNX> 17 `>N@ `>N@^A_e@V[Ld
bOSC>NFCCSก^A_UD@bW? 2-ethylhexyl-p-methoxy 
cinnamate (Parsol MCX P[W? OMC) hi_J@g@hLdTUJ=>
bOSCFSObYW_>[ZPO\SJ 240-320 nm. FSกL>T@@CSกกO\S 
80% =>HzRRDdL>RZ= V̀ OMC QHj> UVB sunscreen 
Q>W_?JRSกeC\YZYSF>XkS, ^>TUJ,TYZTcV>V?F 

กab4J 4 Camphor derivatives USCS[{ absorb TUJ^A_ 
290-300 nm. TYZCAbOSCbJBLOCSก TB\eC\e@V[LdกS[
[Ld[?J=>UP[L�?QC[NกS RiJCA= V̀TB\=>FDu[H US[=PC\=>
กYD\C>AXbW? Benzylidene camphor 

กab4J/KL 5  Miscellaneous Q \̀> Octocrylene (Parsol 
340) = V̀=>กS[HI?JกL> UVB TB\CAm^nNo?\?>TYZ[SbSTcJ 
CAbOSCUkSbLlbW? \̀OFQcN_CbOSCbJ^>B\?TUJ 
(photostable) t?J Avobenzone5 hi_JQHj> UVA I filter ^A_CA
H[ZUN^nNsScUgJUD@ @LJ>LX>HzRRDdL>RiJQHj>^A_>NFC= V̀CSก 
TYZUS[=PC\?Aก`>N@bW? Parsol SLX (Benzylidene 
malonate polysiloxane) hi_JMYNBtiX>CSUkSP[LdHI?JกL> 
UVB TYZH[Z`SULCcL>nGO\SCAbOSCHY?@sLFUgJCSก CA= V̀
=>FDu[H 
Y:=Z[//KL 2 C9:ก:5G UVBBa=UVA II (<9:9G/KL 3)5 

กab4J/KL 6 Benzophenone QHj> aromatic ketone CA
^LXJUNX> 12 `>N@ TB\^A_ FDA F?C[LdCAQcAFJ 3 `>N@bW? 
Oxybenzone, Dioxybenzone TYZ Sulisobenzone hi_JCA
bDvUCdLBNHI?JกL> UVB TYZ UVA II (< 330 nm) 
UkSP[Ld Dioxybenzone RZ@g@hLdTUJ \̀OJกOVSJ^A_UD@bW?
[ZPO\SJ 260-380 nm. =>HzRRDdL>FSกYD\C>AXกfQ[N_CcdHzlPS
กS[QกN@กS[TcVULCMLU allergic contact dermatitis TYZ 
photoallergic contact Q>W_?JRSก metabolite t?JFS{gก
^kSYSFe@VFSก =>HzRRDdL> Oxybenzone QHj>FSกL>T@@^A_CA
?DdLBNกS[vGกS[TcVUgJ^A_UD@6 

กab4J 7 Anthranilates CAbDvUCdLBNHI?JกL> UVA II e@V 
QHj>US[QbCA^A_bJBLOTYZHY?@sLFTB\CAm^nNo?\?> CA= V̀=>
HzRRDdL> 2 `>N@bW? Methyl anthranilate @g@hLdTUJUgJUD@
^A_ 330 nm  TYZHomomentyl-n-acetyl anthranilate 
Y:=Z[//KL 3  C9:ก:5G UVA I+II (<9:9G/KL 4)5 
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กab4J/KL 8  Dibenzoyl methanes CA^LXJUNX> 5 `>N@ TB\^A_ 
FDA F?C[LdCAQcAFJ 1 `>N@ bW? Butyl methoxy 
dibenzoyle methane (Parsol 1789 , avobenzone P[W? 
BMDBM) QHj> UVA sunscreen ^A_CAH[ZUN̂ nNsScUgJUD@ 
USCS[{@g@hLdTUJ^A_bOSCFSObYW_> 260-350 nm. TB\CA
HzlPS bW? bOSCeC\bJ^>B\?TUJ (photostability)Qc[SZ
QCW_?e@V[LdTUJH[NCSvUgJRZQกN@ irreversible 
photoisomerization TYZCAกS[QHYA_F>THYJbOSCUSCS[{
=>กS[@g@hLdTUJ u@Fm^nNo=>กS[@g@hLdTUJ UVA 
Y@YJ{iJ 36% =>HzRRDdL>US[QbCA^A_CAm^nNoHI?JกL> UVA 
e@V@AQ[N_CCACSกtiX> =>BS[SJ^A_ 4 TU@JUS[^A_e@V[LdกS[
F?C[Ld=>FDu[H RZcdO\SCARkS>O>CSกกO\S^A_ FDA t?J
UP[L�?QC[NกS=>Hp 2000 [Ld[?JCSก Q>W_?JRSกUS[QbCA
QPY\S>AXe@V[LdกS[MYNBTYZ^@U?d=>?SUSUCLb[`SO
FDu[H^LXJUNX> hi_J^SJUP[L�?QC[NกSCAtV?กkSP>@O\S PSก
>kSCS= V̀=>UP[L�RZBV?JCAกS[^@U?d^A_^kS=>
UP[L�?QC[NกSRiJ^kS=PVtdO>กS[=>กS[[Ld[?J= V̀QOYS
FSOtiX> HzRRDdL> FDA =>UP[L�?QC[NกS[Ld[?JFSกL>T@@
^A_CAm^nNoHI?JกL> UVA ?Fg\QcAFJ 5 `>N@bW? Oxybenzone( 
Benzophenone3) Sulisobenzone  (Benzophenone4), 
Butyl methoxy dibenzoyle methane (Parsol 
1789,BMDBM) , ZnOTYZ TiO2 

UkSP[Ld BMDBM hi_JQHj>US[กL> UVA ^A_CAกS[= V̀
Tc[\PYSF^A_UD@tvZ>AXQ>W_?JRSกCAH[ZUN^nNsSc@A^A_UD@ TB\
CAHzlPSUkSbLlbW?bOSCeC\bJ^>B\?TUJ =>Hp 1990 
UVA-filter =PC\7^A_CAbOSCbJBLOกO\S BMDBM TB\

H[ZUN^nNsSceC\@AQ^\SbW? TDSA (Mexoryl SX) TYZ 

DTS (Mexoryl XL) hi_JUS[QbCÂ LXJ 2 `>N@>AXQHj>
YNtUN^nNot?J L.Oreal CA=>FSกL>T@@RSกH[ZQ^]|[L_JQ]U 

MBBT (TinosorbM) QHj>กYD\Ct?JUS[กL>T@@^A_
Q[AFกO\S organic microparticle CAm^nNo^LXJ@g@hLdTUJTYZ
UZ^V?>bYVSFกLd TiO2 TYZ ZnO u@FCAt>S@QYfกกO\S 
200 nm. USCS[{MUCกLdUS[QbCAe@VJ\SFYZYSF>XkSe@V@A
TYZeC\^idTUJ u@FCA absorption maximum ^A_ 359 nm 
FSOกO\S BMDBM hi_J?Fg\^A_ 357 nm TB\CAm^nG?\?>กO\S 
TYZCAbOSCUSCS[{=>กS[ก[?J UVB e@V@VOF  

BEMT. (TinosorbS) QHj> Oil-soluable filter CA 
absorption maximum 343 nm. QCW_?>kSCSMUCกLd 
BMDBM TYVO^kS=PV BMDBM CAbOSCbJ^>B\?TUJ
QcN_CtiX> TYZFLJCAbDvUCdLBN^kS=PVFSกL>T@@^A_CAU\O>MUC
t?J OMC TYZ BMDBM hi_JQHj>BkSP[Ld^A_>NFCCSก^A_UD@
bJ^>B\?TUJ@A UkSP[Ld=>H[ZQ^]e^FtvZ>AXCAFSกL>
T@@^A_CAUS[ก[?JTUJ UVA QPY\S>AXTYVO=>^V?JBYS@
U\O>CSก>kSQtVSRSกFDu[H 

DPDT.(Neo HeliopanAP) QHj> water-soluable 
UVAfilter CA absorption maximum ^A_ 335 nm. 
Inorganic Sunscreen8 

Q[AFก?Aก Ẁ_?O\S physical P[W? particulate P[W? opaque 
sunscreen USCS[{HI?JกL>e@V^LXJTUJ UVB TYZ UVA 
Q>W_?JRSกกYeก=>กS[??กm^nNo bW?กS[UZ^V?>TUJ 
US[QbCA=>กYD\C>AX e@VTก\ red veterinary petrolatum, 
titanium dioxide(TiO2) TYZ zinc oxide (ZnO)QHj>BV> 
TCVRZCAbOSCUSCS[{=>กS[HI?JกL>TUJ=>bOSCFSO
bYW_> \̀OJกOVSJTYZHY?@sLFUgJQ>W_?JRSกCAกS[@g@hiC>V?F
CSกTYZQHj>US[ inert RiJeC\QกN@กS[TcV TB\US[กYD\C>AX^A_
eC\e@V[LdbOSC>NFCQ>W_?JRSกQCW_?= V̀bOSCQtVCtV>UgJ^Sd>
MNOP>LJTYVORZC?JQPf> L̀@QHj>UAtSO P[W?UA`Ccg^kS=PVeC\
UOFJSCu@FQwcSZ=>MgV`SF HzRRDdL>RiJCAกS[H[LdH[DJu@F
กS[^kS=PVt>S@t?JUS[กYD\C>AXQYfกYJRSกQ@NC^A_CAt>S@ 
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180-250 nm hi_JCAbDvUCdLBNHI?JกL> visible light e@V@A
^A_UD@TYZ??กm^nNou@FกS[UZ^V?>TUJ QCW_?Y@t>S@YJ
QPYW? 10-100 nm RZcdO\SHI?JกL>TUJ ultraviolet e@V@A
tiX>=กYVQbAFJกLd chemical sunscreen TYZกYeกกS[??ก
m^nNoQHj>กS[@g@hLdTUJ{iJ 70% bYVSF chemical 
sunscreen @VOF bOSCUSCS[{=>กS[HI?JกL>TUJt?J 
inorganic sunscreenQHYA_F>THYJeHBSCt>S@t?J 
particle u@F particle t>S@QYfก^A_UD@HI?JกL>TUJ UVB 
e@V@ATYZeC\CAUA {VSt>S@=Pl\tiX>bDvUCdLBN=>กS[HI?JกL> 
UVA กfRZ@AtiX> TB\bOSCtSOกfRZCSกtiX> UkSP[Ld visible 
light BV?JกS[ particle t>S@=Pl\̂ A_UD@hi_JRZCAUAtSO

L̀@QR>QCW_?^Sdd>MNOP>LJ @LJ>LX>ONnA^A_@A^A_UD@bW?กS[MUC
กL>[ZPO\SJ particle size t>S@B\SJr กL>QcW_?USCS[{
HI?JกL>e@V̂ DกbOSCFSObYW_> TYZeC\CAUAtSORL@ =>
HzRRDdL> microfined titanium dioxide  e@V[LdbOSC>NFC
Tc[\PYSFCSก^LXJ=>[gHMUCกLd inorganic sunscreen u@F
MUCกLd Fe2o3 QcW_?=PVCAUA`CcgT@JbYVSFUAMNO P[W?MUCกLd 
chemical sunscreen QcA_?QcN_CH[ZUN^nNsSc=>กS[HI?JกL> 
UVA P[W?= V̀QcAFJ?F\SJQ@AFO TiO2bOSCQtVCtV> 1%RZe@V
b\S SPF 1.5 � 2 TB\^L_OeHCLกMUCeC\QกN> 5% Q>W_?JRSกRZ
Q[N_C^idTUJ^kS=PVMgVd[NusbeC\>NFC= V̀  

UkSP[Ld ZnO4 QHj>FSกL>T@@^A_CAH[ZUN^nNsSc?\?>
กO\S TiO2 TB\USCS[{HI?JกL> UVA e@V@AกO\S ZnO =>[gH 
micronized {gก>kSCS= V̀BLXJTB\Hp 1990 u@F Peak-
absorption ?Fg\^A_ 380 nm. RiJCAH[ZUN^nNsSc@AกO\S TiO2 
=>กS[กL> UVA I  

กaeกก9:55กf/g@h 
microfine TiO2 TYZ ZnO RZCAbDvUCdLBNQHj> 

semiconductor QCW_?@g@hLdTUJ UV RZQกN@กS[QbYW_?>FVSF
t?J electron RSก valence band eHUg\ conduction band 

^kS=PVQกN@ electron hi_JeC\CAbg\ sSF=> 10 nsec 90% t?J
กS[QHYA_F>THYJ>AXRZกYLdCSHกBNu@FกS[HY\?FcYLJJS>
??กCS=>[gH infrared P[W?bOSC[V?> QPYW?TUJ 10% hi_J
RZUSCS[{QกN@H�Nก[NFSกLd >XkS, ??กhNQR> QกN@QHj> free 
radical hi_JRZeH^kSH�NกN[NFSกLdM>LJQhYYG DNA, RNA 
P[W?uH[BA>e@V ^kS=PVCAbOSCกLJOY{iJ?L>B[SFt?J Free 
radical ^A_QกN@RSกFSกL>T@@H[ZQs^>AX =>HzRRDdL>RiJCAกS[
QbYW?d microfine TiO2, ZnO ^A_RZ>kSCS= V̀QHj>
Qb[W_?JUkS?SJP[W?FSกL>T@@QcW_?Y@กS[QกN@?>DCgY?NU[Z
TYZFLJCAกS[^@U?dTU@JO\SFSกL>T@@ TiO2 TYZ?>DCgY
?NU[ZQPY\S>AXRZeC\USCS[{M\S>tLX> st. corneum eH^kSYSF
QhYYG@VS>Y\SJe@V  

u@FU[DHQCW_?CAกS[QHYA_F>THYJt>S@t?J metallic 
oxide =PVQYfกYJbDvUCdLBNt?JกS[HI?JกL>TUJ UV RZ
QHYA_F>RSกกS[UZ^V?>TUJQHj>กS[@g@hLdTUJbYVSFFS
กL>T@@กYD\CT[กTYZbOSCUSCS[{=>กS[HI?JกL> UVA
TYZ Visible light Y@YJ กS[QbYW?d microfine particle 
RZY@กS[QกN@ free radical e@V@A ^kS=PVกS[= V̀FSกL>T@@
H[ZQs^>AXeC\CA?L>B[SFB\?MNOP>LJ 
Tanning sunscreen9 

US[QbCA>AXCAbDvUCdLBN^kS=PVMNOUAbYXkStiX>RiJQHj>^A_>NFC
=>กLdMgV^A_CAMNOUAtSO (skin type I, II) ^A_BV?JกS[MNOUAT^>
?F\SJHY?@sLF Q@NCUS[QbCA^A_= V̀bW? 5-methoxy psoralen 
hi_ JRZ@g@hLdTUJ=> \̀OJ  UVA TYZก[ZBDV>=PV 
melanocyte ^kSJS>QcN_CtiX> TB\Q>W_?JRSกcdO\SMgVH�OF^A_= V̀ 
8-methoxy psoralen [\OCกLd UVA (PUVA) QHj>
[ZFZQOYS>S>^kS=PVQกN@CZQ[fJMNOP>LJe@V RiJ^kS=PVONnA>AXFLJ
eC\QHj>^A_F?C[Ld=>bOSCHY?@sLF =>HzRRDdL>CAUS[QbCA
`>N@?W_>^A_CAm^nNo^kS=PVMNOUAbYXkStiX> e@VTก\  dihydroxy 
acetone (DHA) TYZ ferulic acid amide 
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Dihydroxy acetone (DHA) P[W? Tanning lotion QHj> 
3-carbon ketoscreen hi_JUSCS[{RLdกLd amine group t?J
uH[BA> => stratum corneum 10 L̀X>d>QกN@UA orange 
brown hi_JUS[>AX^kSP>VS^A_QHj> chromophore u@FQ[AFก 
chromophore >AXO\S melanoid Qc[SZCA electron spin bYVSF
QCYS>N> @LJ>LX>RiJCAbOSCUSCS[{=>กS[HI?JกL>MNOP>LJ
RSกTUJ UVA TYZ visible e@V DHA =>bOSCQtVCtV> 
3.0% Q@NCe@V[LdกS[F?C[Ldu@F FDA O\SUSCS[{HI?JกL>
TUJ=> \̀OJ 290-340 nm. TYZ visible light \̀OJbYW_>ULX> 
TB\b\S SPF b\?>tVSJB_kSTYZCAtV?CgY>V?F =>Hp 1999 e@V{gก
>kS??กCSRSกUS[กL>T@@กYD\C^A_ 1 (categories I) t?J US 
FDA TYVO TB\USCS[{= V̀QHj> Tanning cream =>
Qb[W_?JUkS?SJbGe@V 

ONnAกS[= V̀ tanning cream T>Z>kS=PVMgVH�OF^SFS=>
QOYSQFf>MNORZbYXkStiX> V̀Sr sSFPYLJ^SFS   6-10 L̀_OuCJ 
RSกกS[^@Y?J=>?SUSUCLb[ 7 b> skin type III-IV, 
DHA 2.5%, 5% TYZ 6.5% P>S 4 mg/cm2 cdO\S
USCS[{กL> UVA I (340-400) e@V 2-3 Q^\S hi_JtV?@AbW?FS 
tanning lotion >AXRZeC\QUW_?CUsScRSกQPJW_?, กS[?Sd>XkS, 
O\SF>XkS TB\tV?QUAFbW? H[ZUN^nNsScB_kSTYZRZ^kS=PVMNOCAUA
>XkSBSYbYXkS?Fg\ 24-72 `C. PYLJ^SFS HzRRDdL>CAกS[
>kSCS= V̀HกH�@[?FtSO=>MgVH�OF vitiligo TYZ[LกESMgVH�OF
psoriasis [\OCกLdกS[wSF PUVA  
ก9:?12Y:=C@/g@[9ij5G39ก1>B22 

=>?@ABFSกL>T@@RL@QHj>Qb[W_?JUkS?SJhi_JCAbDvUCdLBN
QbYW?d=PVMNOQHj>UAT^> P[W? \̀OFY@bOSCTPVJt?JMNO
PYLJRSก{gกT@@ TB\HzRRDdL>FSกL>T@@QHj>UN_JRkSQHj>TYZ
CAbOSCUkSbLl @LJ>LX>=>Hp b.]. 1978 ^SJ US FDA e@VRL@
?Fg\=>กYD\CFS^A_USCS[{hWX?e@Vu@FeC\CA=dUL_JTc^FG u@FCA
OLB{DH[ZUJbGQcW_?Y@กS[QHYA_F>THYJt?JMNOP>LJ^A_QกN@

RSกTUJT@@, HI?JกL>กS[QกN@ premalignant TYZ 
malignant skin cancer @LJ>LX> RiJCAbOSCRkSQHj>^A_RZBV?JCA
CSB[�S>=>กS[OL@H[ZUN^nNsSct?JFSกL>T@@TB\YZ
`>N@ 
Y:=C@/g@[9ik>ก9:Yl5Gก1> UVB5 

P>\OFOL@H[ZUN^nNsSc^A_= V̀กL>?F\SJTc[\PYSF bW?b\S 
SPF (sun protection factor) u@F>LกON^FS]SUB[G`SO
??UQB[AF Farnz Greiter  b\S>AXe@VCSRSกกS[^@U?d=>
?SUSUCLb[hi_JCAMNOtSO skin type I-II 20 b> TUJ^A_= V̀
=>กS[^@U?dbW?TUJRSกPY?@ Xenon-arc lamp 
t>S@ 150 W =PVTUJbYVSFTUJT@@CAbOSCFSObYW_>
[ZPO\SJ 290-400 nm. u@FRZ^kSกS[QH[AFdQ^AFd
[ZPO\SJH[NCSvTUJ^A_^kS=PVMNOP>LJT@JCAt?dQtB L̀@ 
(minimal erythema dose = MED) QCW_?eC\= V̀FSกL>T@@
Q^AFdกLdQCW_?^SFSกL>T@@H[NCSv 2 Cก./B[.hC. P[W? 2 
eCub[YNB[/B[.hC. d>MNOP>LJ=PVCAbOSCP>SUC_kSQUC?^NXJ
eOV 15 >S^Aก\?>^kSกS[^@U?d =>Hp 2007 US FDA10 
e@VQHYA_F>bOSCPCSF SPF QHj> sunburn protection factor  
Q>W_?JRSก?SกS[ePCVT@Jt?JMNOP>LJQกN@RSก[LJUA UVB 
QHj>PYLก  

SPF =  MED of skin with sunscreen 
            MED of skin without sunscreen 
b\S SPF >AXFN_JCABLOQYtUgJQ^\S=@กfFN_Jd\J ÀXO\Sb[ACกL>

T@@>LX> CAH[ZUN^nNsSc=>กS[HI?JกL>MNOePCVT@J
QcN_CtiX>Q^\S>LX> u@F^L_OeH{W?O\S SPF ^A_QกN> 15 >\SRZ
QcAFJc?UkSP[LdกS[HI?JกL>MNOePCVT@JBY?@OL>=>b>
MNOtSO (Skin type I, II) hi_J?S]LF?Fg\=>QtB?d?D\> 
Q>W_?JRSกTUJT@@BY?@^LXJOL>=>QtB?d?D\>=>^Dก
m@gกSYeC\CSกกO\S 15 MED  t?Jb>MNOtSO  
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bOSCPCSFt?JFSกL>T@@ SPF 30 bW? 
PSก^SFSกL>T@@`>N@@LJกY\SOP>S 2 mg/cm2 
MNOP>LJRZe@V[LdTUJ UVB QcAFJ 1/30 t?JH[NCSvTUJ 
UVB =>tvZ>LX>P[W?H[ZCSv 3.3% QHj>BV> 
@LJ>LX>กS[^SFSกL>T@@RZ \̀OFก[?JTUJ UVB 
??กeHCSก>V?FBSCb\S SPF (BS[SJ^A_ 5) Q \̀> FSกL>T@@ 
SPF2 RZY@H[NCSvTUJ UVB eH 50% 
=>tvZ^A_FSกL>T@@ SPF50 RZก[?JTUJ UVB 
??กeH{iJ 1/50 P[W?H[ZCSv 98% 
QPYW?CS^A_MNOP>LJQcAFJ 2% 
UkSP[LdbOSCQtVS=R^A_O\SPSกMNOP>LJePCVT@J 
PYLJBSกT@@ 15 >S^A กS[^SFSกL>T@@ SPF30 RZ^kS=PV 

MNOP>LJePCVT@J^A_QOYS 30x15 >S^A P[W? Q^\SกLd 450 
>S^A P[W? 7.5 `C.>LX>=>U{S>ZกS[vGR[NJCLกRZ 
eC\QHj>Q \̀>>LX> Q>W_?JRSกUsSOZ=>PV?J^@Y?JCAbOSC
TBกB\SJRSกUsSOZ^SJn[[C`SBNhi_JCAbOSC[V?>QPJW_?
,>XkS, กS[QUAF@UA, YCcL@ u@FQwcSZ^A_ latitude B\SJr กL> 
bOSCQtVCt?JTUJRZCAbOSCTBกB\SJกL> กS[^@U?d
b[ACกL>T@@PYSF`>N@u@F= V̀TUJT@@cdO\S
H[ZUN^nNsSct?Jb[ACกL>T@@^A_^@U?du@F= V̀TUJT@@
n[[C`SBNB_kSกO\Sb\S SPF ^A_e@VRSกกS[^@U?du@F=̀ V
PY?@e�=>PV?J^@Y?J กS[^@Y?JTU@JO\SFN_Jb\S SPF UgJ
Q \̂Se[FN_JCAbOSCbYS@QbYW_?>CSกtiX>Q^\S>LX> 

 

<9:9G/KL 5  b\S SPF TYZbOSCUSCS[{=>กS[ก[?J UVB 

:=21. SPF Yl5Gก1>UVB(%) Y:@J96 UVB /KLe2n:1. (%) 
Low 2 - <15 50 - 92 8 - 50 

Medium 15 - <30 93 - 35 5 - 7 
High 30 - 50 96 - 97 3 - 4 

Highest > 50 >98 < 2 
 

<9:9G/KL 6  ONnAH[ZQCN>H[ZUN^nNsScกS[HI?JกL> UVA 

In vivo assessment   J9<:89>k>Y:=Z/o  
Persistent pigment 
darkening (PPD) 

 Asia, Europe and USA  

In vitro    
Critical wavelength(CW) CW > 370nm USA,EU  
UVA/UVB ratio UVA/UVB > 0.9  

(max. 5 stars) 
UK  

UVA1/UV ratio UVAI/UV > 0.95  
(max. 4 stars) 

USA US-FDA proposed  
rule 2007 

Australian standard Transmission 
(320�360 nm) < 10% 

Australia, 
New Zealand 

AS/NZS 2604, 1998 
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<9:9G/KL 7 กS[H[ZQCN>H[ZUN^nNsScกS[HI?JกL> UVA (in vivo; PPD) t?JH[ZQ^]lA_HD�> ,QกSPYA TYZRA> 

 
=>กS[^@U?dFSกL>T@@= V̀PY?@e�^ A_

CAH[ZUN^nNsScUgJ H[NCSvTUJ UVB ^A_^kS=PVMNO 
ePCVT@JRZQกN@tiX>sSF=>QOYSH[ZCSv ½ - 1>S^A 
@LJ>LX>กS[^@U?dU\O>=Pl\RZ= V̀QOYSULX>กO\S 30 >S^A� 
1 `C.P[W?=>ก[vA^@U?dbOSCUSCS[{ =>กS[กL>>XkS 
= V̀QOYS[OCH[ZCSv 2�3 `C. Q^\S>LX> RiJCAtV?T>Z>kSO\S 
bO[^SFSกL>T@@hXkS^Dกr 2 � 3 `C. QcW_?H[ZUN^nNsSc 
^A_T>\>?> 
Y:=C@/g@[9ik>ก9:Yl5Gก1> UVA10,11,12 

กS[H[ZQCN>H[ZUN^nNsSc=>กS[HI?JกL> UVA 
CAPYSFONnATBกB\SJกL>=>TB\YZH[ZQ^]TYZFLJeC\CA 
กS[H[ZQCN>^A_QHj>CSB[�S>Q@AFOกL>^L_OuYก 

ONnAH[ZQCN>H[ZUN^nNsSc UVA ^A_CAกS[= V̀Tc[ \ 
PYSF^A_UD@ Td\Je@VQHj> 2 ONnA bW? invitro TYZ in vivo 
(BS[SJ6) ONnA in vitro e@VTก\ Critical wavelength 
,UVA/UVB ratio, Australian standard As/NZS 
2604(1993) ONnA in vivo e@VTก\ IPD (immediate pigment 
darkening), PPD (Persistent pigment darkening), UVA 
erythema, PPF (phototoxic protection factor) QHj>BV> 

HzRRDdL> PPD QHj>ONnAกS[^@U?dH[ZUN^nNsSc UVA 
^A_ e@V [LdbOSC>NFCUg JUD@  u@F PPD =  Per s i s ten t 
p i g m e n t a r y  d o s e  P C S F {i J  H [N C S v [L J UA  U V A 

>V?F^A_UD@^A_^kS=PVMNOP>LJ^A_^kS^@U?dCA?SกS[@kSbYXkS 
u@F?\S>MY^A_  24 L̀_OuCJPYLJe@V[Ld[LJUA UVA 

UVA-PF bW?b\S^A_d?กH[ZUN^nNsSct?JFSกL>T@@
P>S 2 mg/cm2 =>กS[HI?JกL>กS[QกN@?SกS[MNObYXkS 
RSกTUJ UVA QH[AFdQ^AFdกLdeC\̂ SFSกL>T@@ 
u@F?\S>MY^A_  24 L̀_OuCJPYLJe@V[Ld[LJUA UVA @LJUCกS[ 
UVA PF  =   PPD of skin with sunscreen 

      PPD of skin without sunscreen  
 
Japanese Cosmetic Industry Association (JCIA) {W? 

UVA-PF QHj>ONnACSB[�S>u@FTd\JbOSCUSCS[{=> 
กS[HI?JกL> UVA QHj> 4 [Z@Ld @LJBS[SJ^A_ 7  
H[ZQ^]T{dFDu[HdSJH[ZQ^]= V̀ONnA UVA-PF, Critical 
wavelength, Australian standard As/NZS2604(1993) 
TYZUVA/UVB ratio =>tvZ^A_ FDA H[ZQ^]?QC[NกSHp 
200710 e@VQU>?ONnAOL@H[ZUN^nNsScกS[ก[?J[LJUA UVA 
Td\JQHj> 4 [Z@Ld (4 star rating system) 
hi_JT^>b\SbOSCUSCS[{=>กS[HI?JกL> UVA QHj>B_kS 
HS>กYSJ UgJ TYZUgJ^A_UD@ =>UPsScFDu[HกkSP>@O\S 
FSกL>T@@^A_@AbO[CAbOSCUSCS[{=>กS[HI?JกL> UVB 
(SPF) TYZ UVA(UVA-PF) TBกB\SJกL>eC\CSกกO\S 3 
Q^\SP[W?{VSQHj>eHe@VbO[Q^\SกL>P[W?=กYVQbAFJกL>^A_UD@ @LJ
BS[SJ^A_ 8 

class UVA protection factor  (UVA-PF) 
PA+ 
PA++ 
PA+++ 
PA++++ 

2-< 4 
4 - < 8 
8- 16 
> 16 
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<9:9G/KL 8  ULlYLกEvGTU@JbOSCUSCS[{=>กS[HI?JกL> UVB, UVA =>TB\YZH[ZQ^] 

 AUSTRALIA JAPAN EU UK USA 
UVB      
SPF  
(in vivo)Max 

30+ 50+   50+ 

UVA      
In vivo  PPD PPD  PPD 
In vitro Transmission 

(320�360nm)<10% 
 UVA 

PF/SPF>0.33, 
CW>370nm 

UVA/UVB > 0.9 
(max. 5 stars) 

UVAI/UV > 0.95 
(max. 4 stars 

UVA 
label/symbol 

None (pass/fail) PA+, 
PA++,  
PA+++, 
PA++++ 

  
 

Date issue AS/NZS  
(1983, 1998) 

JCIA 
(2013) 

EC Recomm. 
(2006) 

Boots  
(1992, 2008) 

FDA (2007) 

 
<9:9G/KL 9 Sun protection factor � labeling after water immersion 
SPF test type SPF value on label 

US/Canada EU (COLIPA) 
Static SPF 
   (no water exposure) 
Water-resistant 
   (40 min total water  
   immersion) 
Very water resistant/extra water 
resistant/waterproof (80 min total 
water immersion) 

Static SPF 
 
SPF after 40-min 
Water immersion 
 
SPF after 80-min water 
immersion 

Static SPF 
 
Static SPF (SPF before 
the 40-min water 
exposure) 
Static SPF (SPF before 
the 80-min water 
exposure) 
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ก9:/2C5.0?9JC9J9:pk>ก9:ก1>>qH913 
กS[^@U?dbOSCUSCS[{=>กS[กL>>XkSt?J FDA 

USA CAtV?กkSP>@eOV 2 H[ZQs^bW? 
Water resistant  
^@U?du@F=PV?SUSUCLb[^SFSกL>T@@ 20 >S^A 

ก\?>T \̀?Fg\=>>XkS hi_JCAYLกEvZQHj> whirlpool jacuzzi 
QHj>QOYS 20 >S^A 2 [?d u@FCAกS[tiX>RSก>XkS 20 >S^A 
[ZPO\SJกS[T \̀b[LXJ^A_  1 TYZ 2 TYZ^@U?db\S SPF 
?Aกb[LXJ QCW_?tiX>RSก>XkSTYVO 20 >S^A bW?^A_  100 >S^A 
PYLJRSก^SFSกL>T@@b[LXJT[ก 

Very water resistant 
^kSQPCW?>กS[^@U?dT[ก 

TB\[OCTYVO= V̀QOYS?Fg\=>>XkS^LXJUNX> 80 >S^A u@FT \̀b[LXJYZ 
20 >S^A CAกS[tiX>RSก>XkS 20 >S^A QHj>RkS>O> 4 b[LXJ [OC 
180 >S^A b\S SPF ^A_e@VPYLJกS[^@U?dRZQHj>b\S SPF ^A_
>kSeHTU@Jd>wYSกFSกL>T@@ (BS[SJ^A_ 9) 

UkSP[Ld=>UPsScFDu[H FSกL>T@@^A_CAH[ZUN^nNsSc
กL>>XkSRZBV?JCAb\S SPF eC\ < 50% t?Jb\S SPF ก\?>YJ>XkS
TYZb\S SPF d>wYSกbW?b\S  SPF ก\?>กS[^@U?d 
UkSP[Ld=>H[ZQ^]??UQB[QYAFRZCAQกv�G@LJBS[SJ^A_ 10 

 
<9:9G/KL 10 Water resistance claims for Australian sunscreen products 

SPF after water immersion Maximum water resistance claim 
≥ 2, but < 4 
≥ 4, but < 8 
≥ 8, but < 15 
≥ 15, but < 20 
≥ 20, but < 25 
≥ 25 

No water resistance claim allowed 
40 min 
80 min 
2 h 
3 h 
4 h 

 
<9:9G/KL 11 US[กL>T@@^A_ \̀OFY@กS[UYSFt?J Avobenzone 

% Stabilizer added % Avobenzone 
remaining after 25 
MEDs UV exposure 

No stabilizer 23% 
Octocrylene, 3.6% 90% 
4-Methylbenzilidine camphor, 5% (not USA) 87% 87% 
Tinosorb S, 5% (not USA) 81% 
Oxybenzone, 5% 80% 
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<9:9G/KL 12  H[NCSvTYZ`>N@t?JTUJ UV ^A_MgV^kSJS>=>[\Ce@V[Ld=>QOYS^kSJS> 

 UVB UVA 
ก\?> 9.00 >. ± + 
9.00 � 12.00 >. (=>?SbS[) - + (+) 
12.00 � 13.00 >. (>?ก?SbS[) ++ ++ 
13.00 � 16.00 >. (=>?SbS[) - + (+) 
PYLJ 16.00 (>?ก?SbS[) - ++ 
 
0?9J0G/><45BCGj5G39ก1>B22 (Photostability)3,4 

Photostability t?JUS[กL>T@@tiX>?Fg\กLd
bOSCUSCS[{=>กS[^A_uCQYกDY>LX>RZUSCS[{U\JcYLJJS>
^A_@g@hLdeOVRSกTUJ UV Ug\UN_JTO@YV?Cu@F[?d=>[gH
bOSC[V?>e@V@ATYZ[O@Q[fOQcAFJ=@ Q>W_?JRSกcYLJJS> UV 
^A_@g@hLdu@FFSกL>T@@CAH[NCSvUgJc?^A_QHYA_F>OJubR[
t?J electron @LJ>LX>กS[HY\?FcYLJJS>H[NCSvCSกt>S@
>AXeHUg\uCQYกDY?W_>^A_?Fg\=กYVQbAFJ^kSe@VFSกu@FeC\CAกS[
QHYA_F>THYJub[JU[VSJ UkSP[LduCQYกDY^A_RZCAbOSCbJBLO
BV?JCAbOSCUSCS[{^A_RZก[ZRSFcYLJJS>QHj>U\O>F\?Fr 
sSF=>uCQYกDYt?JUS[>LX>Q?J (internal conversion) TYVO
RiJHY\?FUg\uCQYกDYtVSJQbAFJ=>[gHbOSC[V?> UkSP[LdUS[
กL>T@@ Q \̀> BEMT Bis-Ethylhexyloxyphenol 

Methoxyphenyltriazine (Tinosorb S), DTS 

Dromethrizole Trisiloxane (MexorylXL), MBBT 
Methylene Bis-Benzotriazolyl Tetramethylbutylphenol 

(TinosorbM) TYZ Benzophenone CAub[JU[VSJ^A_
USCS[{^kS=PVQกN@ intra molecular proton transfer e@V 
u@FtdO>กS[ Photo-tautomerism OJR[กS[QกN@ Photo-
tautomerism = V̀QOYSQcAFJ 10-12 ON>S^AQ^\S>LX> ^kS=PV
cYLJJS>{gกHY\?F??กeH?F\SJ[O@Q[fO TYZeC\CAกS[
QHYA_F>THYJub[JU[VSJ^A_UkSbLlt?JUS[กL>T@@ RiJ^kS=PV

US[QPY\S>AXCAbOSCbJBLO US[ UVA filter ^A_CAbOSCbJBLO
UgJUD@tvZ>AXbW? BEMT, MBBT, DTS 

UkSP[Ld BMDBM14 P[W? Butyl 

Methoxydibenzoylmethane (Parsol1789) eC\CA
bDvUCdLBN internal conversion ^kS=PVUYSFe@VJ\SFRSกกS[
@g@hLdTUJ UV u@FQwcSZ{VSMUC?Fg\กLd UVB-filter Q \̀> 
octyl methoxycinnamate (OMC) RZFN_JQcN_CbOSCeC\bJBLO
tiX>?Aก =>^SJB[JtVSC BMDBM RZbJBLOCSกtiX>{VSMUC

กLd octocrylene(OC),oxybenzone, Tinosorb S P[W? 
diethylhexyl 2, 6 naphthalate (DEHN) hi_JeC\= \̀US[กL>
T@@TB\USCS[{[Ld{\SF^?@cYLJJS>US[กL>T@@^LXJ 2 
`>N@ tVSJBV>e@V?F\SJCAH[ZUN̂ nNsSc @LJBS[SJ^A_ 11 
Eajn9GZ0K3Gj5Gก9:k;n39ก1>B22 

1.  กS[TcVULCMLU (contact dermatitis)  
Q>W_?JRSกCAกS[>kSUS[QbCAPYSF`>N@=>t>S@bOSC

QtVC^A_UgJCS[OCกL>QcW_?QcN_CH[ZUN^nNsSct?JFSกL>T@@
^kS=PVu?กSUQกN@กS[TcVULCMLU ( allergic contact 
dermatitis) กS[[ZbSF (irritant contact dermatitis) P[W?
กS[TcVULCMLU[\OCกLdTUJ (  photoallergic contact 
dermatitis) e@Vd\?FtiX>hi_JกS[TcVQPY\S>AX?SRQกN@RSก
US[QbCA^A_CAm^nNoกL>T@@Q?JP[W?US[?W_> Q \̀> emulsifier, 
antioxidant P[W? preservative e@V 
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PABA hi_JCAกS[= V̀Tc[\PYSFCSQHj>QOYS>S>Q[N_CCA
[SFJS>กS[TcVCSกtiX> TYZQCW_?CA[SFJS>=>Hp 1998 RSก
กYD\C Scandinavia cd?DdLBNกS[vGกS[TcVUgJ^LXJ=>[gH 
allergic กLd photoallergic RiJ^kS=PVกS[= V̀ glyceryl 
PABA Y@YJQHYA_F>CS= V̀=>[gH ester t?J PABA CSก
tiX> hi_J=>[ZFZPYLJกfCA[SFJS>กS[TcVQcN_CtiX> @LJ>LX>=>
HzRRDdL>FSกL>T@@CLกRZeC\>NFCMUC PABA (non-
PABA) US[QbCAHI?JกL> UVB ^A_>NFC= V̀CSก^A_UD@tvZ>AX
bW? Octyl methoxycinnamate (OMC) cde@V{iJ 90% t?J
FSกL>T@@^L_OuYกTYZCA?DdLBNกS[vGกS[TcVB_kS  

UkSP[Ld Oxybenzone6 CAm^nNoHI?JกL>^LXJ UVB TYZ 
UVA II e@V TYZ UVA I sunscreen  
Butylmethoxydibenzoylmethane (Parsol 1789) [OC^LXJ 
octocrylene15 hi_JQHj>^A_>NFC= V̀QcN_CtiX>กfQ[N_CcdHzlPSTcV
Tdd photoallergic contact dermatitis QcN_CtiX> 

กS[]iกES=>u[JcFSdSY[SCSnNd@Acd?DdLBNกS[vGTcV
FSกL>T@@ Oxybenzone 4 [SF, Mexenone 4 [SF TYZ
Parsol MCX 1 [SF RSกกS[^kS Photo patch test MgVH�OF 64 
[SF =>Hp 2004 � 2010  

UkSP[Ld physical sunblock Q \̀> TiO2 TYZ ZnO RZeC\
^kS=PVQกN@กS[TcVULCMLUQ>W_?JRSกeC\{gก@g@hiC TB\USCS[{
^kS=PVQกN@UNOTYZ milia e@V u@FU[DHQCW_?Q^AFd?DdLBNกS[vG
กS[QกN@กS[TcV กLdRkS>O>MgV= V̀FSกL>T@@ hi_JCA>LdYVS>b>
กfcdO\SHzlPSกS[TcVULCMLUeC\CSก>Lก 

2. HzlPSกS[tS@ONBSCN>@A16,17 
TPY\ Jt?JONBSCN>@A^A_Uk SbLlCSRSก?SPS[TYZ

TUJT@@@LJ>LX>QCW_?CAกS[HI?JกL>TUJT@@TYZ= V̀FSกL>
T@@BN@B\?กL>QHj>[ZFZQOYS>S>?SR^kS=PVQกN@HzlPSกS[
tS@ONBSCN>@A TYZQกN@sSOZก[Z@gก>\OC (osteomalasia) 
P[W?ก[Z@gกc[D> (osteoporosis) tiX>e@V  กS[]iกES

H[Z`Sก[sSbB\SJr=>H[ZQ^]e^Fu@FbvZTc^FGRSก
u[JcFSdSY[SCSnNd@A=>Hp 2010 cdO\SsSOZc[\?J
ONBSCN>@A (25 (OH)D <30 mg/ml){iJ 60% =>QtB
ก[D J Q^cCPS>b[TYZ 30 -50% =>QtBsSbกYSJ , 
sSbQP>W?, sSbBZOL>??กQwAFJQP>W? TYZsSb=BV UkSP[Ld
กS[]iกES=>Tc^FGMNOP>LJ=>QtBก[DJQ^cCPS>b[u@F
MgVQtAF>TYZbvZ cdsSOZc[\?JONBSCN>@AUgJกO\S 90% 
ก9:k;n39ก1>B22/KLpuก<n5G 

1. QcW_?=PVe@VH[ZUN^nNsScกL>T@@BSC^A_กkSP>@ BV?J
= V̀H[NCSvFS{iJ 2 CNYYNก[LC/BS[SJQh>BN QCB[ hi_ J
H[ZCSvQ^\SกLd 1 V̀?>`S P[W?U?JtV?>NXOCW?UkSP[Ld^S
P>VSTYZb? TB\cdO\SdDbbY^L_OeH= V̀FSกL>T@@>V?FกO\S^A_
กkSP>@ TYZeC\UC_kSQUC? @LJ>LX>QcW_?=PVe@VH[ZUN^nNsSc
BSC^A_กkSP>@ RiJT>Z>kS=PVTd\J^S 2 [?d u@F= V̀FSTB\
YZb[LXJH[ZCSvP>i_JtV?>NXOCW?18 

2. ^SFSกL>T@@ก\?>ULCMLUT@@ 15 >S^AQcW_?=PVFSกL>
T@@Fi@BN@กLdMNOP>LJ u@FQwcSZFSกL>T@@`>N@ organic 
sunscreen TYZbO[^ShXkS^Dก 2 L̀_OuCJQcW_?กS[HI?JกL>^A_CA
H[ZUN^nNsSc 

3. PSกBV?JCAกNRก[[CกYSJT@@B\?Q>W_?J P[W?QY\>กA�S
^SJ>XkSกYSJT@@ bO[QYW?กFSกL>T@@`>N@กL>>XkS TYZbO[
^SFSกL>T@@hXkS^Dก 2 L̀_OuCJ 

Fa1กก9:Zav5ก39ก1>B22 Y:=ก5.2n?3  
1. H[NCSvt?JTUJ UV =>d[NQOv^A_?S]LF?Fg\19 
2. cmBNก[[CTYZQOYS^A_MgV= V̀?Fg\กYSJTRVJ[OC^LXJQOYS

=>[{F>BG@VOF 
3. กNRก[[CกYSJTRVJ`>N@B\SJกL> UL@U\O>t?J

TUJT@@^A_e@V[Ld=>TB\YZU\O>t?J[\SJกSF Q \̀> =dP>VS, 
Tt>, CW?, tS eC\Q^\SกL> u@FRZe@V[LdH[ZCSv 20-60%
t?JTUJ=>d[[FSกS] 
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4. OLB{DH[ZUJbG=>กS[= V̀FSกL>T@@ Q \̀> HI?JกL>MNO
ePCVT@J, MNOQPA_FOF\>RSกT@@(Photoaging) HI?JกL>UAMNO
bYXkS P[W?QcW_?[LกESu[bTcVTUJT@@, |IS QHj>BV>  

RSกBS[SJ^A_ 12 cdO\SH[Z`Sก[^kSJS>=>[\CCAu?กSU
e@V[Ld UVA CSกกO\S UVB @LJ>LX> =>OL>^kSJS>=>[\CFS
กL>T@@^A_QPCSZUCeC\RkSQHj>BV?JCAbOSCUSCS[{=>กS[
HI?JกL> UVB UgJCSกQ \̀> SPF 15-20 TYZbO[CA UVA PF 
UgJกO\S 1 => 3 t?Jb\S SPF bW? PA++ {iJ PA++++ 
C:bY 

=>HzRRDdL>FSกL>T@@eC\QcAFJTB\HI?JกL>กS[QกN@
MNOP>LJePCVT@JQ^\S>LX> TB\FLJCAOLB{DH[ZUJbGQcW_?HI?JกL>
MYtVSJQbAFJ[ZFZFSO20,21 Q \̀> MNOP>LJ`[SRSกTUJT@@ 
photoaging TYZ CZQ[fJMNOP>LJ hi_JMYtVSJQbAFJ=>[ZFZ
FSO>LX> UVACAd^dS^^A_UkSbLlQU[NCd^dS^t?J UVB 
@VOF >?กRSก UVA TYVO visible lightP[W? TUJ infrared 
(IR)กfQ[N_CCAPYLก�S>O\SCAd^dS^B\?MNOP>LJQcN_CCSกtiX>

u@FQwcSZ=>TJ\ photoaging22 @VOF @LJ>LX>FSกL>T@@
HzRRDdL>RiJeC\QcAFJBV?JCAbOSCUSCS[{=>กS[HI?JกL> 
UVB Q^\S>LX> TB\bO[CAbOSCUSCS[{=>กS[HI?JกL> UVA 
^A_@ATYZ>\SRZ@AFN_JtiX>eH?Aก{VSUSCS[{HI?JกL> visible 
TYZ IR e@V@VOF TYZ^A_UkSbLl^A_UD@bW?กS[=PVbOSC[gVกLd
H[Z`S`>=>กS[^SFSกL>T@@=PV{gกBV?JUkSP[LdกNRก[[C
กYSJTRVJ=>QOYS^A_TUJT@@RL@bW? [ZPO\SJ 10.00 � 14.00 
>. TYZ^[Sd{iJtV?RkSกL@t?JFSกL>T@@TYZb\S SPF 
HzlPSกS[= V̀FSกL>T@@=>H[ZQ^]e^FTYZB\SJH[ZQ^]
TBกB\SJกL>CSก `SOB\SJH[ZQ^]hi_JCAMNOtSOTYZ>NFCกS[
?SdT@@bO[RkSQHj>BV?J= V̀กYLdeC\>NFC^SFSกL>T@@ TB\
`SOe^Fu@FQwcSZUB[A^A_^kSJS>=>[\C >NFC= V̀FSกL>T@@
^A_CAb\S SPF UgJCSกTYZCAcmBNก[[CQYA_FJTUJT@@ 
Q>W_?JRSกBV?JกS[MNOtSO^kS=PVQ[N_CcdHzlPSsSOZc[\?J
ONBSCN>@A=>ULJbCQCW?JUgJ{iJ60%t?JH[Z`Sก[^DกOLF17 

 

 
 
 
 
 
 
 
 
 
 
 

Algorithm for sunscreens 

Non-photosensitive photosensitive 

/H9G9>k>:4J ก@wก::Jกa9GBwnG UVA sensitive UVB sensitive Visible light 

- SPF = 15-30 
- PA ++ - +++ 
- SPF/UVA 
-PF<3 

- SPF 3 
- PA ++++ 
- SPF/UVA-PF ≤≤≤≤3 
- Water resistant 
- /9{qH9 /bก 2 ;1L?DJG 

Physical photoprotection :4?Jก1.39
ก1>B22 
- SPF≥ 30 
- PA +++ 
- SPF/UVA-PF ≤3 
- Water resistant 

Physical photoprotection 
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