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Determination and correlation analysis of tobacco

non-volatile organic acids and pH
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Abstract: Objective: To explore the effects of organic acids on to-
bacco pH and flue gas pH. Methods: 34 kinds of single-grade to-
bacco and 11 kinds of finished cigarettes were taken as the re-
search objects, and their non-volatile organic acids, tobacco pH.,
and the pH of mainstream smoke total particulate matter were
measured respectively. Grey correlation analysis and principal

component analysis were used to analyze the correlation between
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organic acids and pH. Results; The results of grey correlation
analysis show that oxalic acid, palmitic acid, malic acid and oleic
acid have a relatively large influence on the pH of single-grade to-
bacco; Palmitic acid, malic acid, linolenic acid and oxalic acid
have a relatively large impact on the pH of cigarette cut tobacco;
Malic acid, palmitic acid, linolenic acid and oxalic acid have rela-
tively large effects on the pH of mainstream smoke total particu-
late matter of the cigarettes. Conclusion: Comprehensive analysis
shows that malic acid and oxalic acid have a greater influence on
the pH of single-grade tobacco, and malic acid and palmitic acid
have a greater influence on the pH of cigarette cut tobacco and
the pH of mainstream smoke total particulate matter.

Keywords: non-volatile organic acid; tobacco; mainstream smoke
total particulate matter; pH; gray correlation analysis; principal

component analysis (PCA)
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Table 1 Cigarette sample information 1.2.4  BCIEANER  ff I Excel %5 {4 % 9 542 , F) B SPS-
BRSSP | RERGS Rl SAU 43 #13F 5 BEAT K € 5 16 BE 43 47 . R T SPSS 21 # {4
C1 T c7 1055 BEAT TS 53T
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Table 2 Non-volatile acid regression equation, coefficient of determination, limit of detection, limit of quantification
A HLIR EIEWE P RERY ORI/ (pg e mL7D R/ (pg e mLTH
B R y=3.024 12 —0.036 9 0.999 6 0.56 1.87
W y=1.773 72 —0.010 0 0.999 4 1.24 4.13
BE IR y=1.210 7 —0.022 1 0.999 4 0.95 3.17
JER = y=0.602 4 +0.001 3 0.999 0 1.54 5.13
+ =M y=0.581 42+0.003 1 0.999 3 2.70 9.01
F IR y=2.109 4z —0.078 6 0.999 6 0.58 1.94
E+HHBR  y=0.555 92 +0.001 2 0.999 7 2.24 7.47
NG TR y=0.556 82+0.020 5 0.999 2 0.50 1.67
PR y=1.941 32 —0.015 4 0.999 3 0.92 3.06
i fig iR y=0.699 6x+0.011 9 0.999 7 1.35 4.50
R y=0.644 32+0.041 7 0.999 2 3.07 10.23
DT y=1.144 3x+0.008 8 0.999 2 3.59 11.97
SRR iR y=1.031 4x+0.079 4 0.999 5 3.83 12.75
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Table 3 Recovery and precision of method (n=5) %
N Jnbz ik 100 pg/g Tz i 200 pe/g Tz & 400 pg/g
L I RSD e RSD ] i 2R RSD
TR 92.10 2.34 93.87 2.24 92.29 3.20
W 90.87 3.87 91.29 2.05 93.46 2.29
T 89.60 2.60 90.50 1.98 91.12 3.12
H B 92.34 3.10 95.71 2.09 95.10 1.86
+ =R 93.06 2.97 94.36 3.70 94.30 2.73
R 7 88.64 1.55 89.62 2.96 90.26 3.21
+ 1R 90.50 1.69 91.77 3.05 91.60 1.90
7 A 12 91.34 2.11 93.20 2.15 95.75 2.54
TR 88.94 2.70 89.56 2.09 91.40 1.29
7 91.18 3.57 92.87 2.75 93.79 2.52
i 92.59 2.94 91.93 1.29 93.99 2.47
DI 89.60 1.66 90.26 2.40 89.62 2.35
R TR 92.11 2.10 92.77 1.94 89.65 2.92
x4 BREFEZUEFNBREE
Table 4 The content of non-volatile organic acids in cigarettes (n=3) mg/g
B EN7 W 5 H1 MR T = E iE TR IR
C1 15.89440.169  1.495£0.026  0.74024-0.009 — 52.8604£0.997 — 2.57340.078
C2 14.57440.269  1.33540.051  0.34740.005  0.3364-0.007  47.501+£1.260  0.055+0.001  2.652--0.050
C3 18.40974-0.201  1.43440.026  0.46424-0.010 — 61.7914-0.977  0.0804:0.002  2.7862-0.066
C4 16.43140.294  1.267-£0.017  0.3514-0.009 — 48.02941.110  0.12140.019  3.08140.074
5 18.19140.317  2.682-£0.040  0.4984:0.011  0.181£0.002  50.4871.187 — 2.93240.065
C6 15.176£0.180  0.93540.016  0.35320.010 40.8104-0.609 2.69140.049
C7 15.61340.155  1.17620.028  0.5194-0.012 — 49.87241.116 — 2.56340.050
C8 15.15840.294  0.943+0.026  0.345-0.006 — 47.94241.263 — 2.5200.062
C9 10.521420.156  1.18840.027  0.309420.004  0.1732-0.003  40.67120.989 — 1.86624-0.031

C10 15.03140.170

—

.440420.019 0.368220.005 0.17820.005 49.3531.190 0.2102£0.059 3.06240.068

Cl11 12.68240.264  1.22140.015 0.668+0.011 0.368+0.010  42.24140.898 — 2.51540.040
FE i Frigm T JR R bliiNL {1 AR AR R B

C1 9.627+0.169 1.210+0.022 1.490+0.031 3.376+0.055 4.405+0.065  93.669+1.998
C2 7.430+0.105 0.814+0.011 1.071£0.012 2.862+0.041 5.158+0.079  84.135+2.265
C3 8.551+0.170 0.753+0.025 1.14040.019 3.389+0.061 5.461+0.102  104.255+3.110
C4 6.550+0.113 0.812+0.016 1.05640.025 2.771+0.066 5.404+0.110  85.873+2.696
C5 10.4744+0.201 1.761+0.016 2.20140.019 3.13740.041 4.67340.094  97.217+3.774
C6 5.630+0.087 0.786+0.009 1.08740.022 3.191+0.050 6.156+0.167  76.815+1.196
Cc7 7.268+0.095 1.13140.025 1.72140.019 2.795+0.055 5.270+0.087  87.927+2.316
C8 7.080+0.090 0.848+0.014 1.413+0.020 3.518+0.071 4.694+0.109  84.462+0.998
C9 6.995+0.115 0.415+0.010 0.800+0.011 2.468+0.026 4.7734£0.080  70.180+2.574

C10 7.39240.087 0.71620.016 1.159240.030 3.67240.062 6.0984-0.112 88.6781.261
C11 7.72340.069 0.9960.017 0.99740.023 2.50620.035 4.52520.098 76.4421.598
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Table 5 The content of non-volatile organic acids in single-grade tobacco (n=3) mg/g

FE i KR N R BRI +=m] E IE TR HNR R

T1 12.83040.096 0.93140.036 0.60940.009 — 52.76640.970 0.13740.002 1.916+0.054
T2 15.770+0.172 — 0.942-+0.006 — 31.24940.470 — 0.839+0.029
T3 12.519+0.299 1.42940.026 0.201£0.009 0.180£0.006 53.74040.446 2.477£0.060
T4 16.94240.334 0.67240.043 — — 33.52240.518 — 2.237+0.050
T5 15.92940.180 2.201£0.065 0.80240.016 0.25840.009 52.58041.445 0.05340.001 2.370£0.067
T6 15.44840.140 1.4134+0.021 0.46440.014 0.18140.004 44.06540.967 0.20340.005 3.289-+£0.054
T7 19.09740.240 — 0.52840.004 — 85.49640.996 — 1.186+0.026
T8 12.10740.325 — 0.12740.003 — 17.236+0.366 — 1.2124+0.022
T9 10.742+0.185 2.029+0.022 0.167+0.006 — 35.18840.651 — 2.20540.029
T10 8.897+0.105 1.59540.034 0.254740.009 0.200£0.008 30.2384-0.540 3.630+£0.049
T11 8.765+0.150 1.2134+0.021 0.22740.008 0.223740.009 21.06940.448 0.21840.006 3.656+0.084

Ti2 9.53940.307 0.527£0.011 0.368+£0.013 0.1530.004 22.69810.215 0.171£0.002 3.25340.097
T13 14.14440.441 1.36540.029 0.22240.009 0.08740.002 67.597+1.515 0.044+0.001 1.85840.032

T14 20.61220.203 2.80740.049 0.20520.006 0.26320.010 53.100220.984 — 2.22340.071
T15 15.82040.212 1.89240.044 0.15440.007 — 92.132+1.217 — 2.41140.031
T16 15.66240.178 1.49840.045 — — 72.787+0.698 — 2.085+0.016
T17 18.316£0.259 1.79540.013 — — 45.15740.660 — 2.19340.019
T18 16.236=£0.194 1.706£0.029 0.18540.006 0.209740.009 39.08440.591 0.19240.005 2.80240.043
T19 15.06624-0.345 1.09240.033 — — 44.555£0.416 — 2.40640.022
T20 12.555420.265 0.9104-0.016 0.220£0.008 — 25.98010.543 — 2.80240.029
T21 15.14740.148 1.53940.025 0.17840.006 0.34940.015 40.010£0.969 0.050£0.001 2.22540.062
T22 15.565420.204 1.61840.039 0.1950.006 0.305£0.005 44.389£0.557 — 2.63240.031
T23 16.28240.206 0.598+0.008 0.35040.010 0.17940.005 55.38240.799 — 2.17740.025
T24 15.43440.331 1.22140.036 — — 39.03340.969 — 1.866+0.012
T25 12.807£0.199 1.65440.049 0.323£0.011 0.21840.007 40.50440.447 0.19440.006 2.95440.037
T26 17.795240.384 1.720£0.027 45.95620.690 0.11540.003 2.314%0.018
T27 15.344420.209 1.55140.044 0.149720.004 0.103220.003 50.14420.494 0.116220.002 2.67240.022
T28 16.505+0.229 2.2460.048 0.33420.008 0.23140.006 44.699+1.210 0.23040.009 2.70840.026
T29 16.77740.222 2.6664-0.057 0.44120.015 0.33520.006 68.22011.698 — 2.33240.030
T30 18.70040.331 1.237+0.022 0.380£0.011 0.198+0.005 44.940£0.396 0.21240.007 3.31540.017
T31 16.72940.254 1.21340.039 0.406+0.010 0.33940.007 51.6304+0.664 — 2.4234+0.049
T32 16.122+0.178 2.5354+0.038 — — 32.00140.484 0.11040.004 2.21940.026
T33 19.41440.332 2.61740.049 32.17340.378 2.24940.016
T34 15.010£0.266 2.60740.026 0.63020.022 0.168=20.004 23.19240.690 0.18540.003 3.03240.033

F: Frig R T R 2 i AR RIATN R R SSER Y

T1 6.73140.190 0.47540.009 0.69940.016 1.285£0.017 1.977£0.059 80.356+1.669
T2 4.59640.099 0.22740.006 0.474+0.011 0.49740.004 0.73040.019 55.324+1.069
T3 7.04740.066 0.670+0.016 1.01440.020 2.52440.065 4.950+0.094 86.7531+0.996
T4 4.63940.066 0.52540.006 1.02840.025 1.20240.009 2.05940.032 62.826+0.909

T5 10.3994+0.269 2.18740.019

—

.21940.021 2.15940.026 3.126+0.057 93.281+1.664

T6 6.424+0.068 0.8552£0.007 1.380+0.017 3.324£0.019 3.910£0.068 80.95620.987
T7 3.42740.079 0.3612£0.008 0.6860.017 1.1272£0.025 1.391£0.020  113.2992£2.659
T8 0.181£0.008 0.347220.009 0.612£0.010 0.905£0.024 1.57540.031 34.3012£0.787

T9 6.40040.089 0.531220.009 1.003£0.015 1.71920.009 1.838£0.040 61.8221.705
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T10 7.37740.077 0.86640.021 2.85040.046 3.67140.063 3.883+0.065 63.459+2.066

T11 3.56140.056 1.36240.033 1.97240.026 4.0554+0.094 4.83440.040 51.157+2.440
T12 3.10340.071 0.796+0.020 1.086+0.017 3.188+0.041 4.74340.037 49.626+0.687
T13 11.90240.070 0.5312£0.016 0.8680.030 2.000£0.066 3.22540.056  103.845423.447
T14 13.10240.166 0.699+0.011 0.7904+0.013 1.89940.072 2.1074+0.029 97.806+1.369
T15 13.71240.151 0.9602£0.029 2.033£0.047 2.701£0.076 2.78240.078  134.59742.557
T16 7.653£0.101 0.47520.004 1.0712£0.026 1.310£0.014 2.445420.070  104.98642.778
T17 5.67040.056 0.55240.009 1.146£0.013 1.680£0.016 2.30640.066 78.815+2.131
T18 3.71120.070 0.99120.008 1.368£0.019 3.84720.052 5.15640.060 75.487x0.774
T19 3.63610.067 0.61140.009 1.121£0.022 1.8742£0.019 3.4524-0.045 73.81240.964
T20 2.66010.029 0.7474+0.017 1.10740.018 .94840.071 4.664+0.074 54.593+0.553

3.634+0.056 72.990+2.008

2
T21 5.160+0.067 0.644+0.007 1.12740.025 2.927+0.041
2.54940.037 5.74240.109 80.889+3.221

T22 6.02840.044 0.694+0.019 1.17140.020
T23 10.67240.261 0.575+0.010 0.906+0.018 1.82140.017 3.7524+0.059 92.69440.905
T24 5.597£0.064 0.5012£0.013 .379£0.019 .041£0.012 1.630£0.036 67.7022£0.905
.46440.030 3.46140.027 77.6372.704
.591+£0.037 3.310420.049 81.2982.560

T26 6.929+0.132 0.5502£0.016

1

T25 8.51020.056 1.59840.039 2.95020.030
1.018+0.022
0

T27 6.55140.076 0.65020.019 .95640.016 .400420.027 5.14240.117 85.77923.050
3.5644-0.059 85.9244+1.690
.19040.018 3.567+£0.055 108.105+2.874

T29 9.41640.265 1.070£0.019 .09140.023

1
2
1
2

T28 7.43840.097 0.84540.009 1.976£0.020 5.14740.039
2
3.343+£0.051 5.30240.036 86.515+1.481
2

1
T30 7.28740.093 0.72140.011 0.88040.023
T31 7.854+0.121 1.046+0.026 1
T32 5.630+0.110 0.5114+0.019 1.252+0.015 1.69040.017 2.3084+0.046 64.379+1.418
T33 7.506+0.041 0.5052£0.014 1.1984+0.019 1.6544+0.062 2.6924-0.030 70.008=42.007
T34 6.03840.068 0.7724+0.010 1.375+0.018 3.806+0.072 4.945+0.069 61.759+2.956

.61040.014 .60640.023 4.408+0.077 90.263+3.669

HH3% 4.3 5 AL, BRORLE AR 5 K P A MR B 3 F6 BENMEEEpHNESER
H934.30~134.60 mg/g, EAHAEE K A LR & =0 N Table 6 Measurement results of the pH of single-grade
70.18~104.25 mg/g, R 5 & 40 v 2230 5 12 FpdE tobacco (n=3)

}"?kﬁﬁmlﬁ& SRR SRR TE SR 5 I R B FE pH  RSD/Y% | #& pH RSD/ %

B EEEVR A S BN 70% ~80% ; BEHIMA . T1 6.188 0.325 T18 5.007 0.265
+zm\m+ﬁma%ﬁmﬂﬁﬁwﬁﬁEhafem@ﬂj, e 6129 0410 ) TL9 4915 0.368

N . . g T3 4733 0.441 T20  4.840 0.272
ARSI — B, AL R R S
A T4 4739 0.309 T21 4741 0.366
AT R * " Ts 1,992 0.339 T22  5.129 0.355

EREART SRR A A T SR R R R AR R BRI S g 1937 0.206 T23  4.699 0.308
IAETE R R U R B X A R T 2R AR R B R A T7 1812 0.298 T24  5.018 0.199
PR & 42 A R B2 b A T ML T R IR R R TS 1.681  0.248 T25  5.157 0.182
S OHRATRL R E SR AU R R Ry TO 4795 0252 | T2 4809 0428

B 5B R SR e, T10 5.040 0.409 T27 5.076 0.230
2.0 JEE pH F1E SRR pH T11 5.007 0.383 T28 5.032 0.146
T12 5.428 0.246 T29 5.182 0.371

FPRRAAR S pET 9 U5 255 8 W3R 6+ 45 AR 5L pHL Al T13 1,962 0.398 T30 1,966 0.204
TR Y pH I E S5 R IE 7, T14 4,756 0.287 T31 1.837 0.165
HH3 6.3 7 AT, HURLIEAE B pH Jy 4.684~6.188, T15 4,991 0.222 T32 5.308 0.140
RSD f 0.140% ~ 0.441%; % 48 40 ¥ pH N 4.861 ~ T16 5.104 0.167 T33 5.396 0.341

5.286 ,RSD%]O.ZlE)%NOASl%;HE?ﬁiﬁ*ﬁ*ﬁ%pHﬂ{] T17 4.900 0.334 T34 5.040 0.280
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Table 7 Measurement results of the pH of cut tobacco
and the pH of mainstream smoke total particu-

late matter of the cigarettes (n=3)

N 185 pH EWA SRR pH
i pH RSD/ % pH RSD/ %
C1 5.259 0.441 5.880 0.356
C2 5.087 0.379 5.887 0.291
C3 5.286 0.268 6.028 0.337
c1 5.025 0.239 5.738 0.410
C5 5.136 0.451 6.034 0.236
C6 4.865 0.298 6.103 0.321
c7 1.861 0.320 5.979 0.269
cs8 1,928 0.271 5.927 0.182
C9 5.079 0.306 5.887 0.210
C10 5.027 0.430 5.893 0.334
C1l 5.230 0.219 5.761 0.209

5.738~6.103,RSD 24 0.182% ~0.410% , il 5 4% 5 2=
TS R A B M A B RSD B[ 41 pH il 25 R
HRE % B . E AR AR Y pH LA M 0 R pH B
AR F D R RT RE S2 El T A R 6 T A AR o AR, R
A HLR 1 W s AR X T K8 S B 1 o R
AP A R P ) ST 2D DT S 500 S A R L L AR
A pH BT
2.3 IRBXEKESMH

J LA KA VLR X pH B 52 R AR 4
F A~ T M E G AL 430 LA BORHE A B pHL 45 4 AE 5L
pH. EWESRAEY pH 551, LUAH R 09 48 35 & YA
PLRRAE e AE )3 3 43 BF 22 B0 o R 0.5, ¥4 2 8 1k b
FJS HEAT DAL IR E A BT L S5 R W3R 8.

HH 35 8 A, SRR B pH 5 RR VIR IR L R
TR I TR AT AR TR 119 DG 106 8 e R, LG I BE 43 531 1 0,894,
0.879,0.837,0.834,0.817; ¥ MM & pH 5 & I8 8 . 3 11
R T RRTR R R #7682 Iy % BB B A O o JH S IR 2 43 1)
7:0.960,0.959,0.952,0.950,0.946; 3% X 3 3 M S BLAH
W pH 53R ARONE R PR R | R L IV VR I O 1Bk
BER, HOGIBEBE 3 ]2 :0.936,0.936,0.959,0.957,0.954
T=ZRVET RS 3 b pH A B BE X BN R
FAOEAE S AR A R AR . R, RO AR R R L
SRR IR Ry A5 B 0 SRR I B pHL % 52 e AR BT AR X 8
KRR BR F R BR R B2  FE R L 45 R %o 465 M A B2 pH
B 52 ) 2 AT 6T A 5 SR R VAR IR R L T RR R L B R L T
TR %o R K OB AR ) p L 14 2 o R A X AR
24 ERHOHNH

SR P 803 43 1T T 0 X SR R 0 A5 A ) A 9
A AR AT R T 42 B, I 38 B R 7 25 e A O 1% R AT
B M 4% KMO M Bartlett /9 K 58 o7 0 80k 0E A6 40
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®8 pHEIELZMANBRHXEKE
Table 8 Correlation degree between pH and

non-volatile organic acid

ORI B pH MRS pH WU RLA Y pH

WI RBE WS RIKE PRI RIRE
R 0.894 g 0.960  FEHER 0.963
A 0.879  MRM 0.959  HIRM 0.963
PR 0.837  EREMRR 0.952  FRER 0.959
R 0.834 iR 0.950  EE@R 0.957
PR 0.817  #HEMR 0.946 I {H B2 0.954
1l g 2 0.814 Wi 0.940  FpKERR 0.943
VR R 0.802 S 0.920 W’ 0.920
TR 0.796 T 0.894  JMAR 0.901
[ 0.791 MR 0.894 T i 0.894
T " 0.689 i I 2 0.890  fifi 5 iR 0.890
+ = 0.596 =% 0.665 =M 0.663
E+HHMR  0.546  IETHMR  0.647  IETIHER  0.643

JE# & HEA HLER A KMO 43 51 250.665,0.675, %) K F0.6,
P A Ak (B A7 78 A 55 4 5 Bartlett BRI B A6 4 b OB R A
&0 AR LA HLER I P ¥/NTF 0.001, BT 32 A 4 43
P 8 o il Al A HLER oy kAT SR O A L 9F SR
0I5 BE A BT 45 RS TR O A LR X pHL 52
FEBE Y FIRFRAEE R T 1 %A HLER IR A AT AR
JAFHEAT A3 B0 ORI K A BIL R RS AH O
FRAE AR B L BTk A 3% 9.3 10,

F*9 BEHEBVNBREXFEERERHRKE
Table 9  The correlation characteristic value and contribu-

tion rate of organic acid in single-grade tobacco

) %
A LR
1 2 3 4
R —0.060 0.633 —0.667 —0.089
[t 0.384  0.587 0.125 —0.366
BEHIR 0.086  0.015 —0.019 0.938
T =m 0.659  0.323 0.151 0.358
R —0.282  0.724 —0.115  0.147
iE+HR 0.722 —0.209 0.062 0.141
WRR 0.807 —0.044 0.448 —0.177
FrigE —0.019  0.895 0.166  0.063
i s iR 0.420  0.314 0.595 0.355
iR 0.314  0.134 0.832 —0.150
. R 0.869  0.000 0.302 0.008
VR R 0.857 —0.041 0.084 —0.018
R 1473 2330 1363 1.032
TRk R/ % 37.278 19.417 11.360 8.600
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10 HHREVNBREXHFEEREREKE
Table 10 The correlation characteristic value and contri-

bution rate of organic acid in cigarettes

RS
EERiIN
1 2 3
R 0.530 0.396 0.684
N 0.891 0.230 —0.094
BEHITR 0.598 —0.396 0.056
T =M 0.197 0.125 —0.912
R 0.426 0.267 0.628
1+ H R —0.181 0.900 0.023
AR 0.329 0.789 0.320
B IR 0.925 —0.079 0.077
T s iR 0.916 —0.094 0.137
TR 0.800 —0.077 0.351
A R 0.127 0.409 0.673
WV JfR iR —0.496 0.693 0.238
EE 1816 3231 1.365
Tk %/ % 40.137 26.953 11.374

B389 AT, HORME A AR S48 Bl 4 A gy H
2 sk B Wk 37.278%., 19. 417%, 11. 360% ,
8.6000 » Rt Jr 22 TUMK AN 76.66 20 . HORMHA HLERSH 1
FRATEFET MR VKRR KIERE. 5B 2 R0 a8
PR PR VIR SE LB 3 E AR 5 4 E
RO AL TG SR FARR « 456 K68 DT BE 43 W 45 R vl 0L 28 2
FRLA SR R R L B O AR R B pH Y R ) R
K.

iR 10 AT, & A PLRR 42 o 3 A g8, H
T ETHRER SN 40.137%,26.953%,11.374 % , Bil
ZETIHRER N 78.46 %0 B A HLIR S 1 3 o 0 48+ 4
BRVBERE IR VN R4, 45 2 £ M 3E IF + MR . 3 IE
P2 I JRR R 55 55 3 32 B4 A A0 48 TR LI Il R L R R
&, A RKEORIBBE ST AR AT HLE 2.3 o Tm
IR IR 3P 2R IR 0 45 MR M BT pHL, 3 I AORLA Y pH Y
SRR BERK 5 5 AT MBS e TR AL

Xof b 431 445 8 B, BRI X BORH A B pHL Y S e
JEE 35 K T ) 5 R KR 5 p LRI 32 3 K ASCRE AR 9 pHL Y 52
FREERE /N BONR B %o 45 40 R 2 pHL, 3 3 M SR A9 pH
P4 5 W R 265 A T % BELRHHE 0 B p L ) 52 o 2 S /S
JLJ5 DR AT B R B R M SRS AN R ER AR 2 L AE 100 C LA |
POTRLEE 25 11 T TR 5 5 THAR , 45 SN T 3ok 2 o 1 % i L At
22 55 AL T S R 22 v SRR I S R > . A AT
RBUNR 22 2k WK AR R A DL & & W R AR, B
TE N K TS5 R 2 o 1 AR 38 K T BRI TR » DA T 6 5 1R
T A 22 18 B 5 114 5 il 9 559 » i %5 B0 R X A5 A W B pH

BE 2448 | 20228 2 B | RSV

R AR SR pH G 5 R L AR /D o B i
B3 J s A B o — AR AN 0 T AR T AR e
P TS Al 27 2 1 e A e 2% S SRR R R o O B 7 4 R AT
NP
3 ik

A0 F A [ A LR X pH 52 Wi A BE S (R I 8 5%
R E 73 BT O 45 2080 0 M A B 30 R R L R X B R A
R pH By R R R BRSO R IR B X A5 0 A
pH . EJARRAHY) pH W IR EH R, + =K. IE+
TLRXT pH RYSE MR/ . D S bR 0 A #0050 pH
VA AURIAR ¥ p L 55 1 A4 A R R S5 AT T R A
AR o B0 22 O I Al 4 S R B AR G IK  IE R R R S
BR3P R T NG TR TE P R SO T pH P RCR
DA 52 TH 25 407 il ) I 8 5%
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