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Detecting Metal Elements and Estimating the Printing Method of the Korean
The Song of Enlightenment

Treasure the Gongin version of
(P R fns g% E ) through X-ray Fluorescence Spectroscopy
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ABSTRACT

Among the very similar editions of 7The Song of Enlightenment
(R E7ZE%) an old book designated as a Korean treasure in 2012,
which is believed to have been printed with metal type in 1239. X-ray
fluorescence spectroscopy (XRF) signals were measured to detect traceable
amounts of metallic residue in printed characters and blank area of
papers. A portable XRF device with a spatial resolution of 3 mm in
diameter was used. In blank area of paper with no carbon-based ancient
ink, the detected elements decreased from 1.7% percent to 800 ppm in the
following order: Ca, Si, Mg, K, Al, S, P, and Fe. In printed areas with
carbon-based ancient ink, higher S and Fe signals were detected up to 4.3
and 1.3 times, respectively. It is presumed that a substance that caused a
chemical reaction with the metal surface of the metal type was transferred
and remained on the paper as residues. Metal type from the Goryeo
Dynasty is known to contain a large amount of copper. Contrary to
expectations, no statistically significant difference in Cu content was found
between blank paper and printed areas. The difference between Cu signals
was not as significant as expected. As the Al, S and Fe concentrations



were measured to be higher in the characters printed with the ancient
carbon-based ink on all pages. It is reasonable to conclude that the
examined version of The Song of Enlightenment was printed with metal
type in 1239 as stated in the postscript. By systematic measurement and
careful analysis of X-ray fluorescence signals from the printing areas and
blank paper areas of old books, the printing method can be easily
estimated with high level of confidence.

Keywords: The Song of Enlightenment (F99-R #4888+ ) metal movable
type printed book, X-ray fluorescence (XRF) spectroscopic
analysis, detection of metallic elements, printing method
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1. A&
Il wye mejolA ojfolFch =o] pEM2a0] A& AAA
A FHuF FYIHE WA= AT, 19 7|eAE0] o]Foldl QAFAA Z 2]
2 g wyolch. 13779 3% FEAolN S4YAIR Qi ruesigas

22 K| AR (B E RGPS HREE L EED)(EE T (EE).)e dasts A
o] S48 2R 9 dYA don, 14550 AMPoM 2lx= 45
AF2 QLAE TEI|2a0] 433 A 2l 20019 99 4 SulAT A S84
o7 =XERtHCheongju Early Printing Museum, 2026; UNESCO, 2026).
HAIGS] FAl o] E(FE#HR, 1168-1241)9] Ta=ol = (REIFFEEIE)L 0
2™ 123490 TP I SFHFESSEN)a 2857 AAHUH 7|SH o=z
wol FAlxmC} ol Aoz I&uAlz A Mo 99dee % & ot
(Sohn, 1959; Sohn, 1971; Cheon, 1993a; Cheon, 1993b; Ok, 2013). 1920 AT
B 2R AN Zo] EARTH F40] Zdgol AVIHYY TdHAsES
T7HEIRARAEEREI ). WS =248 Aot (Park, 1988; Park, 2020a;
2020b). =y} 2 Aol WO|CRE)C 18 F719] HAloIE AFS(BB2R) £
(e, 165-124971 ME UREN 172399 98 Yool IHAL LA
o] A5 9Joo|r 2715t 1= viAw mE jEEo] ¥zl 2utEolo] uly
Atk (Sohn, 1959; 1971; Cheon, 1993a; 1993b Ok 2013). 1980 o= oj2] 7}
Al T2 FolA gt H(F AEeR(LHAK), d FUZ(ZEAR))S 123990 AME =
LAY 7Hsdol &S| Al7IEof gtk (Park, 1988; Oh, 1988). of2| 7(A] 3
2ol ofu]x] W@ BA, ® MARA, 4} Aeje] Ato] Sof e 22 fx o]
ujR]e] FF siAle] st AR 2012|0] digtels BEER A" TIPS S
T7hs 53912 (Korea Heritage Service, 2026)0] 123949 QIij® F&&LATEAS
MARo=z o1 gatr]o] o]2xlt;t (Yoo and Kim, 2021; Yoo, 2022a; 2022b:;
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2022c; 2022d; 2022e; 2023a; 2023b; Yoo and Yun, 2024; American Printing
History Association, 2026). 23U R|F= =W AX|stA A= FEEAE L X5
AR L SmEel Jolglths Aol MMl FdRMEEEEIl BUR £
s&EA S AR(ER)SZ HAERZ))T oz Qe HWEol2t= NS /A

St3 QITk. Edto] i A BEY X WHE FYar] A 2/HHA B &

A mAel Qs W mAl XM @WEWEAW  (XRF, X-ray
Fluorescence Spectroscopy) T+ 1o A] XA0Ql AIZEE XM FYEIGEMH
o] &8r]y Qt}y (Obregdn et al, 2021: Edwards et al, 2022, Wagner et al.,
2023). 2AAY S45FAR2S A Ao Aald FA] ARl FHRShe Ul
o 34 Yre AEsll ouAFS YHos £ gy LA FHYAL A

b

= o= a
ol2 sholst AH|7t BnE|Qic} (Wenz, 2022; Berkowitz, 2023). &9l k2 7t
Aol ogh 1A Bl Qlaf wwo] FEAel WANC &b ohyY 149 BRI

(o]

w4 AbRO] 2AG ABAY WHo] 2R £AS AHT 2 UL HOR Jlgd
cf. Thel XRF Al&E olulxlgsto] ME At wbe QUS| YsiHE 57
@0l A7 1 mmuct YW Kolof shsstos 54 Al Hsi pxo] e

Al A

O

2 ARolME B 59 wHe AP oF 3 mm FuA F 50 s
FOE XRF u]2 ALgsto] F4TAR ko] H: TIYNANEFEIL FUAR
of Folot QY AL Ao ALPNS AEstGCh 53] AMP A G 3%
b i 59 2% D 4 Uk g 24Ua WE ofRE Aol A
HEgo] 28 7154 RARED

2. A4 O € A U

2.1, A4 tiA: TIBAYE S 20t B9

TP (FE F7HAbE)2 20129 6 290 TEYAIE S =7 502 1L
HAY sHECR #WAstY BEgs XA I7FAdoM = BEEs X|gstH
A o2t 22 =274 A9 A ATkl Tt (Korea Heritage Service,
2026a)
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2012 Al A1 BAIl R EY] dARRdOR FosiE 9= 1988
Aol A AR 1 vHsAl (Park, 1988), Ao S4&APY 1 927l (Oh, 1988)9]

232 F5oto] 202040 TEEAMIE S R S0E0] S5EARE olzke Y
o] Mg = Y ZwslYct (Park, 2020a: 2020b). TEHANNEZ =7, 2L
A o] WM SAE AfoloflA] ofAlw (=gho] T2 AJEjo]X|qh tieket By
o] WAl #AS Fotol 74 3T & e HAT AES olof e AW
A =S BAANA & Aoz AAEY. 2 AN Aleste YA 24 &
A& &5 A0l j7HA] s dAio]l 2 4 Q& ACR J|gid.
TIPAS ST =7t U2 Z717F A= 241 cm, 712 15.0 cm®] AMAL=
AR H(LHIRETIE) 2 AR(RM)E o] Aot (Figure 1). W82 447%g0] TAI(MR

Al
LA dow T @ B £k 5 Mol ObF wE Pl AR o
of. AAlL 88WOR PHEo] 9ot uhNgt 44 FPe ofRAE AxHo] QA
oot & AAY] AAE we g7Rolck 445 Aol MG WA © A9t U
ST A1o] BolA Aol w2 HoE Folel Wre] Eo] gk

The Song of Enlightenment

The World’s Oldest Extant
Metal Type Printed Book
in 1239

Designated as a Korean
Treasure as a Duplicated
Woodblock Printed Book
in 2012

Figure 1. A photograph of cover page of The Song of Enlightenment (599



R EEEF) book, a presumably the world’'s oldest extant metal-type
printed book from 1239.
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2. D XA FEEEEA (XRF)

o 1 A ARAEOlA CRoret |Ef) XRE A7k Fol,
S 13 92, WH Axt ROl ] BREH AToZ WPl $8ED
t} (Manso et al, 2008; Frahm, 2017: Barrett et al, 2023: Wagner et al.,
2023; Bezur et. al, 2020; Ridolfi 2012: Gomes et al, 2013: Kobylarz et al,
2023). mUolME XA FFEGEA Hle o587 2 5o A=Ke=w
g8r]y 9t} (Lee and Yu, 2006; Yun et al., 2009: Yoo, 2019;: Cho and Lee,
2021).

H AJloA= XRFE o835t 5018 AEEAM7|(Olympus Evident Vanta C
Series, Massachusetts, USA)E A}L3519 Tt Evident Vanta C Series & XRF
BA7l= Jba A 8-40 kVe] H9old =H(Rh, rhodium)a HAEIW,
tungsten) ARESF A4 4Wo] XA #& o2 ARSI AeE E2nE HE
7] (Silicon drift detector)2 Als & 4 2 9lt}. ut1uY4(Mg, magnesium)t
8 $2t&(U, uranium)7tx] 4 Fssttt. 54 424 ot2dla(Mg)2th 7t
He YAiol ABBAMOo Brlusict (Evident, 2026). XRF BA17|0] A|xAtolA] H
AsH= GeoChem?2 Tt & ZEAsIRon &A 7|7t tjd o xR A EAZ}
AFSHE BE ARS AL8F RS 5FS vrEstel 540 MIES Fusc
A2 A7EEOUR(0.5 ~ 8 kV)e}
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WIS X](0.5 ~ 40 kV)olA 20 =4 F7g5}
dot. 54 AaEE 40 23 A" ASE Adib(deconvolution)dt FA A S
(curve fitting)o. 2 BAst= vl 85t A RAZ} AlZst As BA 7152 o]&

stol 94 EEE Adstert,

018 XRF 94 BA7|S ALL3 28194 A0 TolAs 02 7e|mLjols
o] Getty Instituteo] Hl 23§t Mxjol s 2 7oA YaAlo] ALg3t melo] A
1 B2& X0 AAIE o] ot (Bezur et. al., 2020). 20160 EA]" Evident
Vanta C Series #01% XRF £47]% 0] ojdejeta nus @ QlFet A4l
ofsiiA tl= D] uistu A4 of|YA] At (Energy Dispersive) XRF £74 %
8]9F O]= oy aetdistue] FA J(electron beam)g ©]-&9t XA opo]Zz FAC
2 409 SR/ MER A AuE dEstdd. BauAo] wad 77 2 54 A
of MPyol 945t T FLIG XRF Wi 4719 £3A7L esicie Anst A
S9QAM AL &3] (International Association for Obsidian Studies) 3B O] AJA|
3tA A7i=E 9t (Frahm, 2017).
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Figure 2. X-ray florescence measurement on the front side of the Ist
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provided the manufacturor was used throughout the

mode

measurement.
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| 2 2559 XA 88 Als of && v (S/N, signal-to-noise ratio)S 7jAls}t
7] gt Aol SAKQ Qeie Zb7t 2054 EASIHA B 2T Halstol

a
7
(] R | -
Qs BA0] AtReIort YARAS XA AmE”S wlEtos Mg, AL Si P, S, K,

S o
O

Sn, Sb, Ba, W, Hg, Pb, Bi, Th, U9 34% Y49 5=5 A4S 4 Qlch
Aol AxE ehAre] ARl I717F 7tE, MZ 10-11 mm FEY A4 =

ool 1 o F7|7} 05-1.0 mm MFE2 A 3 mmo| o HAP} A o= ¢
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2017; Bezur et. al, 2020).
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Blank Paper (Leaf 1 through 5)

LODs (ppm)
<3000 _ LODs <5 (ppm)
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2 35000 | 400 % 800
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c <400 =]
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£ 200001, <50 <25 o M
§ 15000 o K S 0" c sr cd |
€ 10000 ||| o ] p g S , i - 1] Il -
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MgAlI Si P S K CaTi V CrMnFe Co Ni CuZn As Se Rb Sr Y Zr NbMoAg Cd Sn Sb Ba W Hg Pb Bi Th U
Measured Element

Figure 3. Summary of XRF measurement results on 34 elements from
blank areas of the first five leaves of The Song of Enlightenment (7 85K #17
g7z H). For elements with less content, different vertical scales were used
to make them easier to recognize. Each color bar represents XRF
measurement values from a different leaf of the book.



> XRF Meas. Points

The Song of
Enlightenment

Front Side
of Leafl

Figure 4. Two X-ray florescence measurement sites on the front side of
the 1st leaf of The Song of Enlightenment (F 8RR #4828 5). The size of
XRF measurement area is approximately 3 mm in diameter as indicated
with the area within small red circles.
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Figure 4. Summary of XRF measurement results from blank areas and
printed characters (1st printed character of the 2" vertical line from the
book binding side) of the first five leaves. Significant S and Fe
concentration increase measured from printed characters compared to
blank paper next to them, indicating that the book was printed using metal

type.
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Figure 5. (A) XRF measurement site on five printed characters (the first
character in the line 2 of the front side of first five leaves), (B) S
concentration and (C) Fe concentration measured from blank paper and
printed character on the first five leaves. Significant S and Fe
concentration increase measured from printed characters compared to
blank paper next to them, indicating that the book was printed using metal
type. Limits of detection (LODs) for S and Fe and are indicated on the

graph for reference.
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(A) Fe Content Measured from Leaf 1 through 23
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Figure 6. (A) XRF measurement site on 23 printed characters (the first
character in the line 1 of the front side of first 23 leaves), (B) Fe
concentration measured from blank papers and printed characters on the
first 23 leaves. Significant Fe concentration increase measured from printed
characters compared to blank papers next to them, indicating that the
book was printed using metal type. Limit of detection (LOD) for Fe is
indicated on the graph for reference.
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AP7E Fero] ot 2015E T EEo] aoz Ui wrEd AlSZ(MEM)A T
¢ 1ol "o A, obSThE WAb T AuETe] A%l ok 20164
540 Heh2 2AFIHAME AZolA THacls B),

) £3712 AEA AYTHL
a, Ti#Ea, THa, TR,

F?}}_\J(EH ] é
dEsttt. FEhS ot uHAY FE5LEA: TEa T
TB., THE.el du APF doliA folth. 2010dol= T R =
LEﬂ AFREIQITHE AT S45EA SRR ENRTF)7 A I T arlo] A
of Mou It pAtdfLAoMe B5S 2T T
2ol =2 A|7go] FAE|QIY (Lee and Kim, 2023).

DA FE5EA} Qe AAl Flxz AE Ao=m F&5FAY £2&x Vs

3 £ 7)%0] 0143 AR GHEES osbe UANC 24 i BE
2zl wW 2aEAte] £ 714 ol ¥Ato] 3vlet mofo] max gn
"xt 2o 717t YAsA ehokon], xaAstal A wol Weies} n2x Ratof
=]

vumoa so] et QA s} Ael7t ARetx Eatact &% 715 wolA
= ARG ANRRVA QB S 2] 298 A, gVt Bl ghe
RS FstA v Estr] tiwol fEo] SHA] kil Yot FA]e] =ol SlEe
Au 2t Q3o ZAY] YRPE ZHAI-SEA] xRt OT} @ttt (Cheon, 1993a;
1993b).

IHAIY AE FAbs A9 FoidA] Aot I3 AFY 24 49
1 FEEA TEN(EE SR 7I=R 1.07 cm, A2 1.17 cm, =°] 0.7 cmo]iL
2L 4.1 go2 £RHct Tt 24 YR 72)(Cu) 50.9%. oF(Zn) 0.7%,
ZX(Sn) 28.5%, F(Pb) 10.2%, A(Fe) 2.2% =90z ARAEC}H (Cheon, 1993a).

r l=l

T H& AT 110249 (&2 7)) 2%, S&E8 =X(4F5%)0] ==Y
(JEEGERE) Q) 24 AET Ao iy sttt 2935 1 FAELEAS SIEE8’9
% st g vges —x-_;—% SEolA %0l 348 AR
gt DAHGEEE)S J2 FLEA
7192 FAs71E skt (Korea
Heritage Service, 2025b). Fu AP Q49 11024¥ (&% 7) 1299 Sl=&Ew’ =
&, feoll sk 1AL W&ol At Zlojot.
AR BAS Fase O] ARE 349 R0 o 2o
HEF), Gz The ALRENET), ?L'ﬂg FEo= 5}
% 202 St HERHEIEF) 2=
gl A}R&afﬂc} wrie) 5xol 488 T
gol 2l=dl. Q}K}U}Ur I 34 v]g9] ?_:1.736}7:] orct, ‘45}7\}% o
A= ofn AL RIZHO|A BHE Flo] o= FF
Lee and Yu, 2006: Yoo, 2019). &2 A|t]o] §+H5o0] Ll
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S AYFYUBV 4% 12 4R TH 35 YRE T2I(Cut 509%
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2AAGY] A A AR 2 YARHERF)
74.8%-93.5%, 17959(Fx 19)7t 1858WH(EE 9)o] ZFx3t AHYRHEHEF)
69.9%-80.5%, 1677 T3 (&% d9)FH 1858H(AE 9) Alolofl Al Ai&f| =% st
TAAHEEREE): 76.7%-81.1%= 12 &R} TE,9 50.9%H Tt 19.0%-42.6% =&
Aoz AAElgle 1798 SRAE WRE &4 L9 1F gbx] Az gkl
At BEANEEF)Y B ¥4 2k AH(Fe): 50.1%-67.6%, —+2}(Cu):
5.2%-13.3%, 8]A(As): 25.5%-38.7%2] ¥Q]o] 3t=2o 2 ZAIL AT} (Lee and Yu,
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1ol el] XRF OoJu]A]E 7] QoA+ XA W AQF= ¢ A7 st £749
el sE  =oloF ot ol2gt Advle ol A®Hmcristy(Stanford
University, California, USA)?] A3zE=2 H"HRAY  AJA]A  (Stanford
Synchrotron Radiation Lightsource)o] &%dst= 1oy Ax] XRF Al AH] Beam
line 6-2a (SLAC, 2026)t Z=&tA T3 |xE (Grenoble, France)o] 9= S A3
2EE gt HLA|A (ESRF: European Synchrotron Radiation Facility) 7}
ID16B Beam line (ESRF, 2026)2 ztx=1 Qitt. ABIZ CErfstw o] AR MHoA=
XA "Wl A142 100, 50, 35, 25 ym& £ 4 Y1 250 X 200 mm?Q] FAL
AAsor ARG & QY. 3MEdleS vtEeR S == eh4tst 254 dpi, 508
dpi, 726 dpi, 1,016 dpiof sigstH 7t2A1=2 10-11 mm =9 A= ZFX} A+9]
Hda 5= 225 dAaE= WH(mapping)dt= Z°] 7hFsstth (Wenz, 2022



Berkowitz, 2023). ESRFQ] A&Mu]= XA wlo] 37|17} £|4 50 x 50 nm?o]|A] ]
oh 0.1 x 0.1 ym® AtoloflAl £7o] 7Hsste] BS AUt 4y Wigo] 7hsshct
(ESRF, 2025).
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