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Safety study of resin-based dental materials using gas chromatography-mass spectrometry techniques
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[Abstract] Objective To investigate the clinical application safety of dental adhesives and composite resin-based
dental materials. Methods A non-targeted screening of migrants from clinically used dentin adhesives and composite
resin materials was conducted using gas chromatography-mass spectrometry (GC-MS). Migration media included saliva
simulants with pH of 5.5, 6.2, 7.4, and 8.0, 50% ethanol solution, and ultrapure water. By simulating migration under va-
rious oral environments, six migrants were detected in the migration media. GC-MS/flame ionization detector was used
for quantitative analysis of these migrants, and risk assessment was performed by combining their toxicity data. Results
In all six migration media, the exposure levels of monomers and photoinitiators released from four commercially avai-
lable resin-based dental materials were all within established safety thresholds. Conclusion This study conducted non-
targeted detection and safety assessment of migrants from dental restorative materials. The exposure levels of all detected
compounds were below safety limits, providing scientific evidence supporting the clinical safety of composite resin-
based dental materials.
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T F s BE 2 1) 26

TE T JUAR I PR 0 FH 09 526 B 28 Bk
RIA AN B KA RPN, AR O
JEERE R . F o A Ol A, A2
R, HEEWIREEI —E e A
BEME, fENERAEYM R Z —, HZ 4PN
G R, T A RBEMEENR IR, 728 H
AR R DT ARG . WERRE AT A,
B BRI ERLAR | ORI KO AR R AE ) 5 RT e 2y
DN iR R, T S K A R R N, B
BHE AR HAT R 2005 T 40 i dE v
RS Ty 1 P MR E YA AR, (RS
B AG FBERE L A 29 BT A% ) o T 2040 e 7
BN, R

AWK, T AR RHE DR rpoRg
W) BT B oY 2 BB T TR R B A B, (H I RIAIE
SRR RS AR HAAE B . FEL R, JEElR
FIAE G K e vl et 23 3R B AE M AR v, i oG TR
fiBifi (camphorequinone, CQ) FJMFFE 1 K, H
A B AT #EE

3 - Bl B B T4 B 55 R RR ZF R R
BIAIREREY, HITEAB 5T b3 TS
- % (gas chromatography-mass spectrometry,
GC-MS) HARTFIE T A 48 52 b L vh i 8 9y i A
SIATIIBESE o bl PR 48 22 A [ o WL 52 &
REAG A BERARL, 38 BRSO [ AR 251
AL, B B S BB RAAN TR pHAE (5.5,
6.2, 7.4, 8.0) HYMERAI . KH50% LBEE W
t, il GC-MS i s b e, R RIER
Vg o0 S AR & i, IR T KU PEAL . A 5T
i EHRE A IR K O B R L2 Ml L 2
EAWIRA R R B YE

1 MEFFTIE

1.1 A% 510
1.1.1 f%gs

8890-7010B GC-MS HXJHAY . 7697A Thi %5 i A
L AYEBAE 6% HP-5MS (30 mx0.25 mmx
0.25 um) (Agilent A #], [ ); GP225D HiFK
*F (Sartorius A A, FE[E); TGL-16G &8 & L L
(B ERAALERT ) s Milli-Q 4K 24 (Mil-
lipore A Fl, 3EE); B (Eppendorf/A ], 7
) ; MTN2800D BRI IMAL (R AP T A%
A2 HE) ;s LEDJGREARHL V200 (REARYEE B2 97

PHEARA ) AROGHREE 1850 MW/em®,
1.1.2 5

98% M IL NG R 72 R (2-hydroxyethyl me-
thacrylate, HEMA) . 95% — . [ — H L5 44 ik
fig (triethylene glycol dimethacrylate, TEGDMA ) .
99% 4- —H G IR IR LW (ethyl 4-dimethylami-
nobenzoate, EDB). 98% % H & X H ¥ (benzoin
dimethyl ether, DMPA) ( ¥4 35 fb 24 A R A
Al), 97% CQ (it PHEdBHEARA ), 99%
2,6- KU T He-4-FH HIK W (2,6-di-tert-butyl-4-meth-
ylphenol, BHT) (Aladdin/A+], ), HEE, —
AW ket 4l (Thermo Fisher Scientific 22 &), &
ESpS
1.1.3 HEahkIE

AWFFEEEH 1 FE R R GM A a3
B, 4FhimIkE HE SR BB EL: FOo A2 Gk
WA AR (KRR &4k, HAY) idM L1, 7032
A2 CREAL R B AR BM A HEl, SEE) i h L2,
F02 A3 G LS A EAM IR (PR &4, H
A) 0 A G, REHTI A2 GEALAE (3R
Al FEED) 8 G2 FTA AR R b s APE
BBl A5 RN FH B S50 53 19 T bm o o
1.2 E35%-Fuik Ak

ik 5. @iEFE, Agilent HP-5MS 4 ; 2
R, EEAR (4iE>99.999%); A, 1.0 mL/min;
R, WA E N 50 °C, HiF2 minZ )G, LA
15 °C/min i R T 28 200 °CH-AEHF 8 min.

i B, BT EGR R, B
i, 70 eV; fREZIRERE FIRE, 250°C; H
iR, SEEl BEE, et (m/z)
JEH45~500; FEAETIRAEE, 250 °C; 4rifiial, AN
SYTUERE; WEFIAEREE], S min; JEFRE, 1pL.

SKIEE FALR I ES (flameionization detec-
tor, FID) Z&{F. JN#ALE, 300 °C; &=,
350 mL/min; S UR A, 30 mL/min; KA
FifE, 25 mL/min,

1.3 I R A HUAIAR 174 i )

I YR A PR ) B o 9« RS PR 0.100 g JR
£, 0.060 g AL . 0.078 g BR8N . 0.040 g
SR . 0.030 g B UL HR A1 0.040 g S AbER, 4%
VA% F 100 mL 285, s 21 (0 e iR B LR
pHIE K 6.2, TELCELAR i N 0.1 mol/L #i £k FR 1%
WORs pHAEJH 22 5.5, 10 0.1 mol/L & A AL BN A T
Y pHETZE 7.4, 8.0, HF] 4R AR pH {H H ME
BRI ABFUAS R 1 s P15
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1.4 A EFE S Bl 25 B o4l

Y5 GB/T 16886.12—2023" % GB/T 16886.18—
202215 o SR ALL I PR Hh 8 5 5 IR i 1) 4 A
R, SRR, S, TSRS R
TR E, ol R /I A e B — R 40, AE Rl — 1
BIEERZ 200K, 1 LED YERE{LAT MO #525K
WA 10s. BRJE, WA —)Z29 1.0 mm R R)Z ,
JFH LED ST RS 20 sAE “20 s4H”. A T XF LA
[F] S 1 A B ) X A & R e RS ) 5 S 2, 5 Ab
BOECHE 30 sIURERTE R “30 s41” . 44 AR i
PR 2515 31 8 S HE S 2 il 44 4 . L1-20s, L1-
30s, L2-20s., L2-30s. G1-20s., G1-30s. G2-20s.
G2-30s. KX 8 MHE A 43 BRI TE pH 6.2 1Y IR R 15
P . LK. 50% SEEEI T, X AN [RIR iR
PABHEAS [R) G RIS [R] L 101 P A [R) 422 fiph 24 358 v i
BT RGOl N ERTE pHAE XS LT 78 W) 1Y 52
PBRE S 20 s 209 4 FREE S L1-20s . L2-20s, G1-20s,
G2-20s 73 1= L7 pHAE 43 5 5.5, 7.4, 8.0 1Y
MR YRR HUL A T
1.5 R S0 M RS W (AR R0 1] 43 By

A FE AR CE T R ZE R B T, %
HERE & T i 5 30 B WA R L8 R 0.2 g/mL i A
W, 37 °CH&MF 4T 72 h B BEHLE S 5L
¥, BT, B0.5 mLEESE T 1.5 mL 2l
e, A 0.5 mL W BE, #&3% 5 min, #E
lhe ZJE, WCRERR, 25d0.22 pm A HLIER S
ug, EH

K 1.2 i i - i 45 1, % RS Wk
1T GC-MS 537 i FH 36 [ 2 HE 182\ W] MASSHUN-
TER KA 53 AT A AR 0 iy, 256 55
E Z e 53 AR FTEBE (National Institute of Stan-
dards and Technology, NIST) 11 g5 2 K & 3K
RV S S, T8 2 A A o S i — 2D IR
R3] 6 M B () e A S e 2 R
1.6 RN E 51T
1.6.1 FrifihZeni e

HRPEHE S I RIS, EHEHEMA . CQ.
EDB. TEGDMA 71 DMPA F4 5/ & F — 48 F B e
il 5 1 000 mg/L MR HES I, JT4% HO& M B
S SAMERIAW, T HIER R . Dbk
Yy Joe i) o s O R AR AR (x, mg/L), X FID
Wl B AR AR () S AREMIZR, ArifE 4 mi
AR RN R,
1.6.2 Ff b & py I

FIIF GC-MS/FID il 22 fr A3 A% it v 22 40 114 i

PGB, PR AT A b v i 2 b 45 2 BT ik B
THEEH LN R HE  (diethylene glycol mono-
methacrylate, DEGMMA) i & hrifEd, H5
HEMA Z5F AL, BT LAH & ) HEMA BEA 72458
O, A S TR BT R B BR UE A E B AT
R 1 RREWRAVER A2
Tab 1 Standard curve of representative substances

NEVE I/

LIy T A £ P R H

(mg/L)
HEMA y=6 160.9x-21 352.1 0.999 3 10.0~500
CcQ y=10316.1x+12 119.8 0.999 1 0.5~500
EDB y=9252.9x+15 002.1 0.999 5 1.5~500
TEGDMA y=7 638.8x-27 094.6 0.999 0 2.5~500
DMPA y=11979.6x+10 610.2 0.999 6 1.0~500

1.7 TR R XS DAl
6 PR W1 B HAGTH 25 & (estimated dai-
ly exposure, EDE) 5 X1 (19 % 4 B (i 17 L
B, R EDEAR T2 BfE, WuE B TE XU ;
RZ, WAL —& XK. Frf eSS iy m
PCss, Suh VRATBHIR (mL), CR
TRV R R E (mg/mL), 42T HFE R
i (g), SO RN I 8 F AR
MR TR, AR 0.1 g/d,
HEMA. EDB fil TEGDMA iX 3 F 4 i 1) %
2 EER & H AiF 2% & (permitted daily ex-
posure, PDE) ¥ %/~ , it 5 A X & PDE =

AEL xB ‘ B
Eg?ﬁ;ﬂ’®ﬁ¢§ﬁ§%mH%EEM—

Q3D JLE A4 [T HE ™, NOAEL HJE A K5 i 7K
(no observed adverse effect level) , BW N {1k &
(body weight), AWF5T BW }150 kg, 500 HAZE
ERF, HTBEARFEDF . AREAE . 28
). BEEEAEHFESR . CQ. DEGMMA Hl DMPA
X 3 Tl o 1 £ 4 18 R HH i B2 Cramer 2201 R
Fon, T Toxtree FAF A 134 0 M 2%, X W 1) &
PR v B {H (threshold of toxicological concern,
TTC) H%EA 90 pg/d"™" . 6 FiL 74y i 4 4
W2,

EDE=

2 &R

2.1 IERH AL 0 G A 25 2R
1o S P e sn 25 L ASTR] pH Y B i A5
RS OB EEK 2SR 50% CBEE RS H R
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BPRaEE, A 2 AR R AT AT
Y, MIMHERR T 3888 W A7 76 T 34 S5 i vl
P, IF FLAR A A b A 4 G AR R R S g
2 R FE i Y GC-MS £l , efs i 6 ik 2,
H/43 55 HEMA . CQ. DEGMMA . EDB. TEG-
DMA FIDMPA, H"HEMA. CQ. EDB. TEGD-
MA F1 DMPA Z5 & Fn e it 47 17—k . AN
B R P 1 A S e A YR A SR ML 3, HE-
MA. CQ. DEGMMA. EDB fl TEGDMA 7 4 fi
AN s A R B FR S4B RS 1, i DMPA XU AE G2 Hh

x10° FID1-A: {55 #1 20241017-25H.D
6!

x105 FID1-A: 55 #1 50ZHi-%5—xs10. D

Bk
x 2 oMIBYMREEE
Tab 2 Safety thresholds of six migrants

B NOAEL/ PDE/ C‘rartrller TTC/
[mg/ (kg:d) ] (mg/d) Z9 (ug/dd
HEMA 100 10
CcQ - - i} 90
DEGMMA - - i} 90
EDB 50 5
TEGDMA 1000 100
DMPA - 1 i} 90

50%LEHR TR -2 H

6,

4
x10°[FID1-A: {55 #1 /K-%5-xs10.D Bk —25 [
7.5

x105 FID1-A: {55 #1 ME-25-xs10. D

x10° FID1-A: {55 #1 pH=5-WEW{%5 1. D

pH=6.2 MERLI -2 11

pH=5.5 MR IR -2

2_

x10° FID1-A: {55 #1 pH=7-ME{K =5 [1. D pH=7.4 HERAA I -25
3,
24 _ .

x10° FID1-A: {55 #1 pH=8-ME}%5 1. D

2 .

pH=8.0 ME AR ~25

50 55 60 65 7.0 7.5 80 85 9.0 95 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0 15.5 16.0 16.5 17.0 17.5
RAER} ] /min
B 1 R A RASERER WS AR T s |

Fig 1 Total ion chromatograms of solvent blank and blanks of different migration solutions

2.2 BRI g5 R

6 P AW TE pH 6.2 [ MR AU . /K FT150%
LB S T A AR L3R 4

TE pHAE 5> 5 K 5.5, 7.4, 8.0 (k) e 3 455 48 K
o, R TRRE S BLIE RS W 0 R o BT 4 SR AN 3R 5 T
o HFSAH, HEMA ., CQ TR & pH (1978
1 SE &AL S TF s, DEGMMA ., TEGDMA ) 5 7
1o BRI
2.3 BRI AU TEAL 45 2R

AN[EIRE S 6 FIAEAS Y EDE L3R 6, KR 3T
fhEE R B s, fEMaiK, pHS5.5, 6.2, 7.4, 8.0ME
WAL LA B2 50% & P WX 6 AN [7] 119 3 75
o, A RE G P EDE SIS T AR G A R

3 itig

BN ERSRBUPOR TR NN =R o 52 S v S i
TERYIIEAT T oM AR IEAS , 895 T 4R A1
JE FFLHBE pH 5.5, 6.2, 7.4, 8.0 A I i 155 411
W, 50% OBV WO B 4tk v i) 2 4tk . X kRS
SRR S S = 7l o B2 NN LR R R )
B AR BH B RS AR, BRI 4E HEMA |
TEGDMA ., DEGMMA; Jt5] %4145 CQ. EDB,
1M DMPA {UAE G2 FE s rp s, AT REFIAE 5241 4k
RAEMIEAG . %E N ERY) S Vervliet 54
TH B A VRORE €835 - DU AR AT AT ] ol 3 mofss 0 281 1)



*236° AT 17 i P2 2 2% 3% West China Journal of Stomatology 2026-04 44(2)

TEGDMA . EDB 45 R AH55 5 -

x10° FID1-A: {55 #1 20241017-ME-L1-20s-xs10. D pH=6.2 MEMR LK -L1-20s
7

15'{\ 34
4 *7.082 10.088 12.173 A

x10° [FID1-A: {55 #1 20241017-ME-L2-20s—xs10. D pH=61.52 %{ﬂﬂrﬁ;;ﬂ?&—u—zos
1

10,088
3.5 7096 1 l - k

DEGMMA
x10° FID1-A: {55 #1 20241017-ME#i-G1-20s—xs10. D pH=6.2 MERAIE -G 1-20s
15.722

4 7.081 10.087 121180 13.624 A

x7105 FID1-A: 5% #1 20241017-ME%-G2-20s-xs10. D pH=6.2 eI -G2-20s

I HEMA I r—] 19166 TEGDMA 15 ‘EO
CcQ 2

N~ —
x10° FID1-A: {55 #1 pHSVS/—@Wi—GZ D pH=5.5 MR -G2-20s

v
!

N 7.027 - 15.690
] 12.117 13.603
x10° FID1-A: {55 #1 pH=7-FE{%-G2. D pH=7.4 MR -G2-20s
7.033 10.062 15.713
1 ﬂ 12.122
L 13.603
x10¢ FID1-A: {55 #1 pH=8-IEK-G2. D pH=8.0 MEW LI -G2-20s
1 7.013 10,056 15.685
L 1 1217 13.603 !

50 55 60 65 7.0 7.5 80 85 9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0 15.5 16.0 16.5 17.0 17.5
SRAERT 8] /min

& 2 pH6.2HL1-20s, L2-20s. G1-20s. G2-20s Sz pH 5.5, 7.4. 8.0 G2-20s Ff & 1 B B T (i &
Fig 2 Total ion chromatograms of L1-20s, L2-20s, G1-20s, and G2-20s samples at pH 6.2, as well as G2-20s samples at pH 5.5, 7.4, and 8.0
x 3 AREFERPIBYHIFREFTELSR

Tab 3 Non-targeted screening of migrants in different samples

LR AR CAS5 £ B B 17 /min Pis N i R i
HEMA 868-77-9 7.06 C,H,,0, L1, L2, Gl. G2
cQ 10373-78-1 10.09 C,,H,,0, L1, L2, Gl. G2
DEGMMA 2351-43-1 12.13 CH,,0, L1, L2, Gl. G2
EDB 10287-53-3 13.63 C,,H,,0, L1, L2, Gl. G2
TEGDMA 109-16-0 15.73 C,H,.NO, L1, L2, Gl. G2
DMPA 24650-42-8 16.06 C,H,0; G2

TE: CAS S BT UL

ARWFEHCEL T ASRIRE i I B & 55153
R AARE B BB L O [ Ak B ] A A% W 34 25 5 e
TR AR o AN [R] it WS S B4 R [8) R AT A%
th, ERY) AR S, XM 22 T RE 5 R R B
bS5 N 1B W D W &7 1B | SE G A S R S S O]

XFAS )RR i v O % 0 ) 2 B e R AT XLBR PFA
LR P IR i B0 PR BRG] 5 Y
R R LA, (EIE AR o AR A1
b BT IR ] B 11 J T ol A 5 6 3 7% i 14 5
DIMEAFE AL 1A ISRk AL A 47 o A B —

FelRl—iE R . TRl — A IR AERE, AN TR [ Ak i 1)
AR, ARRM, OCRELR RIS, TR IR
Yy 5 BB o X VAR I ST I AE — S I [H)
TN, BEARATRL Y A TR, b} Sg 1Bk 2
JE MK —ZERANAT o AN [ pH{ELAY R A FELIBORT
TP FEBA LW, ERXTREAR—E

A0

R T, MORSZAR A SRS SRR R 5 i 3
2, Sl Ot B . SR AR S
Wil T2, sah & R w8 PR 5T i FE AR
REMG Pt — 20 B AR A W R B, AR TR IR 2
FERFBARL A R 22 2k

Zi LRk, AW S MEBRARSChRiE, i
AL PRARAE ] 2 R A, 8 22 R B A o
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H R 28 IR EE, I AR 1w i 4 07 0k #EAT R
WIS R HITRY, ZEBNRNEIEE
RSN A NG T BER R AT 2 W 00 2k

x4 EBERERR. KkIN50% ZCEARPEIRYNRERE

AR ) i 0 b L A MEPPAG R T HOR S, B
Oy I PRI, FH S A4 1 PR B

Tab 4 The mass concentration of migrants in saliva simulant, water and 50% ethanol solution mg/L

TR FE HEMA CcQ DEGMMA EDB TEGDMA DMPA
sz L1-20s 236.3 29.3 174.6 ND 1228.8 ND
L1-30s 230.6 27.9 147.8 ND 1028.6 ND
L2-20s 186.2 19.8 113.1 ND 397.4 ND
L2-30s 180.8 18.1 110.7 ND 333.5 ND
G1-20s 105.9 26.0 8.7 75 145.9 ND
G1-30s 105.4 25.6 1.9 48 113.3 ND
G2-20s 345.1 31.4 179.5 ND 1462 ND
G2-30s 244.1 30.0 133.5 ND 837.8 ND
pH 6.2 M A5 AU L1-20s 204.3 27.4 142.5 ND 1 406.5 ND
L1-30s 202.0 26.5 142.5 ND 1145.4 ND
L2-20s 216.5 242 122.1 ND 4458 ND
L2-30s 186.6 222 103.1 ND 401.7 ND
G1-20s 174.1 31.6 50.2 60.6 747.4 ND
G1-30s 113.5 18.6 46.5 54.1 523.6 ND
G2-20s 227.6 27.9 156.0 ND 1803.4 ND
G2-30s 177.3 20.8 143.2 ND 1223.8 ND
50% LBFHE R L1-20s 165.8 83.1 178.65 ND 3043.2 ND
L1-30s 123.8 46.7 153.6 ND 1344.5 ND
L2-20s 237.6 70.4 131.6 29.0 883.2 ND
L2-30s 148 66.3 105.6 72.8 863.5 ND
G1-20s 107.6 67.9 172.8 218.9 990 ND
G1-30s 104.6 67.9 157.2 215.9 984.8 ND
G2-20s 328.5 88.6 180.5 4.1 4308.8 30.8
G2-30s 237.6 87.1 142.1 2.7 24235 30.5

T ND Rk, #/NTAHIR Y E fERR
&= 5 pHASS, 74, SOERELEPIBRWHRERE
Tab 5 The mass concentration of migrants in saliva simulants with pH values of 5.5, 7.4 and 8.0 mg/L

TR T il HEMA CcQ DEGMMA EDB TEGDMA
pH 5.5 MEEAE ALK L1-20s 356.07 100.36 38.13 ND 452.44
L2-20s 129.51 4423 46.84 ND 184.23
G1-20s 137.12 61.42 36.81 ND 638.19
G2-20s 264.83 76.28 107.37 ND 662.82
pH 7.4 MEAE ALK L1-20s 337.35 110.79 52.53 ND 525.85
L2-20s 129.94 68.64 51.64 ND 176.13
G1-20s 148.30 53.33 49.63 ND 609.36
G2-20s 222.16 69.20 132.97 ND 726.39
pH 8.0 MER AL L1-20s 400.99 131.97 43.60 ND 407.27
L2-20s 89.78 72.87 51.40 ND 167.78
G1-20s 351.76 109.86 41.86 ND 672.33
G2-20s 365.40 81.43 90.80 ND 693.92

TE: NDOWARHK, BT 2R,
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R 6 ERERE. BaikF50% ZER KD T H EDE

Tab 6 EDE of migrants in simulated saliva, ultrapure water and 50% ethanol solution mg/d
TR G HEMA CQ DEGMMA EDB TEGDMA DMPA

a4k L1-20s 0.12 0.01 0.09 ND 0.61 ND

L1-30s 0.12 0.01 0.07 ND 0.51 ND

L2-20s 0.09 0.01 0.06 ND 0.20 ND

L2-30s 0.09 0.01 0.06 ND 0.17 ND

G1-20s 0.05 0.01 ND 0.04 0.07 ND

G1-30s 0.05 0.01 ND 0.02 0.06 ND

G2-20s 0.17 0.02 0.09 ND 0.73 ND

G2-30s 0.12 0.01 0.07 ND 0.42 ND

pH 6.2 M AR 300 ) L1-20s 0.10 0.01 0.07 ND 0.70 ND

L1-30s 0.10 0.01 0.07 ND 0.57 ND

L2-20s 0.11 0.01 0.06 ND 0.22 ND

L2-30s 0.09 0.01 0.05 ND 0.20 ND

G1-20s 0.09 0.02 0.03 0.03 0.37 ND

G1-30s 0.06 0.01 0.02 0.03 0.26 ND

G2-20s 0.11 0.01 0.08 ND 0.90 ND

G2-30s 0.09 0.01 0.07 ND 0.61 ND

50% L EEVA R L1-20s 0.08 0.04 0.09 ND 1.52 ND

L1-30s 0.06 0.02 0.08 ND 0.67 ND

L2-20s 0.12 0.04 0.07 0.01 0.44 ND

L2-30s 0.07 0.03 0.05 0.04 0.43 ND

G1-20s 0.05 0.03 0.09 0.11 0.50 ND

G1-30s 0.05 0.03 0.08 0.11 0.49 ND

G2-20s 0.16 0.04 0.09 0.00 2.15 0.02

G2-30s 0.12 0.04 0.07 0.00 1.21 0.02

pH 5.5 ME BRI L1-20s 0.18 0.05 0.02 ND 0.23 ND

L2-20s 0.06 0.02 0.02 ND 0.09 ND

G1-20s 0.07 0.03 0.02 ND 0.32 ND

G2-20s 0.13 0.04 0.05 ND 0.33 ND

pH 7.4 MR AR UL L1-20s 0.17 0.06 0.03 ND 0.26 ND

L2-20s 0.06 0.03 0.03 ND 0.09 ND

G1-20s 0.07 0.03 0.02 ND 0.30 ND

G2-20s 0.11 0.03 0.07 ND 0.36 ND

pH 8.0 ME R ILL I L1-20s 0.20 0.07 0.02 ND 0.20 ND

L2-20s 0.04 0.04 0.03 ND 0.08 ND

G1-20s 0.18 0.05 0.02 ND 0.34 ND

G2-20s 0.18 0.04 0.05 ND 0.35 ND
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