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Comparison of TSP, PM, .and their water-soluble ions from both inside and

outside of Dafushan forest park in Guangzhou during rainy season
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Abstract; There is national research interest in the dynamics of airborne particulate matter ( PM) due to its detrimental
effects on air quality and human health. Both regional surveys and locally intensive monitoring of PM, particularly particles
less than 2.5 micrometers in diameter (PM,,), are now being conducted throughout China. The main research emphases
include the spatial distribution, chemical characteristics, and main sources of airhorne PM, , in many urban areas, as well
as industrial sites.

The Pearl River Delta (PRD) is one of the highly urbanized and industrialized regions in China. Unfortunately,

accompanying the rapid eco-social developments, the PRD has also deteriorated in terms of air, soil and water quality
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during the last few decades. Air pollution has been a serious environmental problem for many years now and frequent haze
episodes in this region were often attributed to high concentrations of airborne PM, ;.

Forests play an important role in reducing airborne particulate matter and in maintaining air quality. In order to improve
the urban environment and to serve the public health, many urban forests have been constructed to scavenge the huge
amounts of dust through the forest canopy. However, the influence of the forest canopy on particulate matter water-soluble
ions has seldom been studied to date. In the present study, we regularly monitored concentrations of the total suspended
particulates (TSP), PM, and their water-soluble ions (Na", NH;, Ca*, K*, Mg*", SO;", NO;, NO;, Cl and F~) from
both inside and outside a suburban forest in Guangzhou, during the rainy season of 2012. The objective of this study was to
reveal the importance of tree canopies in scavenging airborne particles and their water-soluble ions.

The results showed that the forest canopy significantly reduced the concentrations of PM, and TSP (P<0.05). The
concentrations of diurnal PM, and TSP inside the forest were (40.2+10.5) g/cm’ and (101.3+33.2) g/cm’ respectively,
increasing to (55.8+13.0) g/cm’ and (116.6+35.4) g/cm’ outside the forest, respectively. SO, Na*, NH] and NO;
were the most abundant ions in both TSP and PM,, accounting for more than 80% of total ions. The concentrations of
SO2", Na'and NO; outside the forest were significantly higher than those inside, with the exception of NH;. Correlation
analysis on the ions revealed that during the study period, the principal water-soluble ions existed in the form of NaCl,
Na,SO,, NH,HSO, and NH,NO,. Na“ and Cl in the water-soluble fraction of PM, and TSP were mainly sourced from sea
salt, while the presence of other ions was predominantly influenced by anthropogenic sources. The ratios of ¢ ( NO; )/
¢(S07) in TSP and PM,, both inside and outside the forest were less than 0.30, indicating that the stationary sources, e.
g. coal burning, power plants and other industrial emissions, might be the main contributors to aerosols at the study site.
The ratios of ¢(NO;)/c(SO7 ) in TSP were higher than those in PM, ., implying that the mobile sources contributed more
to TSP than to PM, . Our results demonstrated that tree canopies could filter PM, ; and reduce concentrations of all water-

soluble ion species, with the exception of NH; , suggesting that urban forests can improve air quality.

Key Words: TSP ;PM, ; water-soluble ions; air pollution; inside and outside forest ; Guangzhou City

e 3 T Ak T A R A I T O BR AR A H R i, s Pl WSS A AR B 2 A S R R RS e,
SR IT ORI (Total suspended particulate , TSP ) FI4HHUR ) ( Particulate matter less than 2.5, PM,,) , BB 2 KI5 e 0 B 2
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A R B ZRAK X I P, (4 9R FEAS RIS T4 AN TR AR 3 S0 v S B R IR PML, s 1 PML M4 B 24 | H B AL
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233, TSP il PM, ¢ 114 J5T 58 ¥k 2 1A 5 2 43 (9 52 R R DRI 98, L8 20 . ARBIFSR 2R I SF-47 18] 26 R A 125 ( Real-time ) , XK 4
BEAT 24h WEE TSP Fl PM, JFE I SE ARARNS 28 SUBURL ) 1 52 W0, 5 78 A T8 T AR bR A 580 65 Bl i AR obk A 25 g 150 55 4R A3t
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1 R MELR AR &
11 BRsE s

KRR IR AT 2R = A E L — M TR AR A 2 3 X, R MBIk S 25508, IR BRI A O, sh A TIb 4 22°
57'—22°59" AR %8 113°17'—113°18", LUK LN F B o &, i K 0 226.6 m RARZ PELEL I ALZY 1000 hm? , 2 )7 H b DX AR 25 8
TR TE , PEEA Fh o 2 T B ( Pinus massoniana) . 5 i A1 S8 (Acacia mangium) Ky 83 ( Bauhinia variegata ) 4116 48 3
(Bauhinia blakeana) KW 584 ( Lagerstroemia speciosa) o IR I LU FRAM S Fel b Ak mi SV PRy Wb 10 2 XU M X, 4R 2 <l 21.8
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Z ALY REM BN, FERETTE 4—9 A, 524ER 81%  HIXHEE — 2 81% , 4FX H BI%02000 h, HEFERE,
R K =31t R AR RIINT X DX A A AT A R A R
1.2 Ak
1.2.1  SREEAUES B Sk

SR EE P B Hh U SRR AR (TH 150A0) SRAERAREMN 2 F R FERR I T KT I ARARA Tl P 23 I R0l Jo) i TG v K
SRR s 55 YU, 43 BISRAE TSP R PM,, 55 55 2 5 REERN IS BT HE ARSI SRR A0 30 m AYBRN——BRIZE ) M T Rblod: A3k 2%
WEIN 2" RN R G343 ISR 5 TSP I PM,, 5, [BIIE RAE RS I Hb 1A 55 B2 oA A 35 PRI R BE (1.5 m) SRR 100 L/min, &
K 900 A BELFAEYENE (59 mm) , B UENEXT TSP F1 PM, s () REERT ] 24 h, JEIEAE SRR E BI7E T 8% DL vk T+
M PR, SRERR A USR8 2R (2012 48 4 H &R 9 H) B H T T2 SR MR PM, s FE & 19 R 5 BRI K45 K
AR RN S AR B TSP A PM, 7 AORE R 45 18 A RIS AERE S 72 4
1.2.2 PR

RAEMIERAE TSR PR , BT 25— I AR A VB B oK PR A 3R L S I K DR BT LR B, 8 hedf A
Milli-Q &l 25 25 FoK , A HE X 30 min, $EHOEHFLAE 0.45 pum JEMEENE, HE FRB IR, RUER & I G —R b1 o 4
Mt BB T SOT N0 NO; (Cl™ F- FIFHES T Na® NHJ . Ca™ K* Mg™ ¥R F 3 T (0 1% 4 (1CS-900; € [) M 5, [RIAE D5
XS R T P SR ORI | 7 R A v B
1.2.3 s S5 IE

AT A B A AT AE S U R K8 3h LLE IRBE R 600—900 °C SRS A GRS, BB AE , SRAERTE B £ DL 4
IEBRCE T 53 Z— At K- 48 h g, HEATRRE . BERCRAE BTX SRR ZSIEAT A HE , REMEERAE 1 AR HE TR &,
HARXH w22 /N F 5%,

S3HT R BEES A8 L T S %00 vh 450 C b 8 h, XN B FH 2 sl Bt T 0 45 0L PR R ADG IS S0E C e $EA TR 7 B8, T4
FE VG ARSI VA7, B 10 ANBES TP REHLANE 1 AT AT 00T, I 2 s (1 IR AE S SR k>
2 GBR5HH
2.1 HMKPNSN TSP Fil PM, ik

BFFTIE] , TR L AR AR P S PM, 5 F1 TSP B 5 VR BE A L6 1., ARPI ST PM, 5 Y 5 o Vi S 24 {EL 43 1) 47 (40.18 =
10.47) F1(55.79 + 13.01) g/cm® ; /RIS TSP B BT IEVR BE 435124 (101.32 + 33.19) FI(116.61 = 35.36) g/cm’, & J5 2250 Hi R,
MRAANZ 8] B PM,  Fl TSP S35 i e Ji 95 57 35 (P<0.05) , PM,, o FlI TSP A4 5 e B TC 18 2 Joe /M 00 S B R AR, BRI B2 i 5
AR, FRPIAN PM, 4300 5 TSP B HREG (39.66 = 4.16) % H1(49.51 + 4.72) % ,#k5h PM, s J& TSP A—2F, BB AKSL PM, &
TSP ) LB AY , TARPI Y PM, s R BE(E EUARSMOBAIN, 2 0 E R B 23 RS A (GB3095—2012) , MRy 4k PM, 535 51 [
F— PSR ERE( <35 pg/m’) B RBAER 20N 44%F01 33% ; RS TSP ik 3 [ R — g2 S BB Frifi ( <120 pg/m’) (1)
KI5 31 72%F 56% . MWAKAN SN PM, s 5 TSP BIMREE CRE T A (& 1) ,PM, 55 TSP A9 B2 ) 7776 B B AR DG, ELAK
PIIAE DG R AL R K FARSM s BRAME TSP 55 PM, s ARG R Oy 22Ul . TSP = 90.59In ( PM, ) —238.41 (R* = 0.885,P<
0.01) ,#kPIAY TSP 55 PM, £k PESE R AR . TSP = 1.41PM, 5+ 20.36(R* = 0.943,P<0.01) ,

F1 TTHARLFHRLERAINZS TSP F1 PM, K E

Table 1 Concentrations of TSP and PM, sinside and outside Dafushan forest parks in Guangzhou

b s /M SN S {E bRt
Location Min Max Average SD
PM, 5 P Inside forest 19.47a 106.63a 40.18a 7.43
#4b Outside forest 28.51b 156.82b 55.79b 13.01
TSP HKN Inside forest 50.96a 168.35a 101.32a 33.19
AL Outside forest 64.77h 203.17h 116.61b 35.36

N [R) g 27 T 9 1) 22 57 4 3% ( P<0.05)

2.2 MM TSP I PM, 7K P B T 451F

23 SR T KA PR A AEAR R B T e e 6 FOURLAD) (4 AL ARAE | 1Al S BCAURE ) (9 A [ S8 U RIE LA, 5 0 1)
MG PM,  Fil TSP HR K MRS F i i BE (B AN SR 2 R 3 7R, e AR 4 A Na* \NH; (K* Mg™ .Ca™ \F~.Cl™ \NO; .SO%
FINO; B F R, ARINAM S PM, FR P 138 10 B e F Bk BET-29{E R 35.94 1 46.30 g/em®, 431l 5 PM, s i1
87.38% 1 84.48% ; MR 14 S, H1 TSP KR A 10 F i F B R BEF- 24150514 64.32 1 69.81 g/em®, 439l 5 TSP Jii &2 Y 63.48% Al
62.01% , PM, s KPR T 00 & R0, W B F KA & BEAE UKL I, BRAL TSP Fl PM, 5 H K 14 15 7 1) o 2t 9 32 L b
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Fig.1 Relationship between TSP and PM, ; concentrations inside and outside forest

TSP, EETFHUKIY) Total suspended particulate; PM, s /NTF 2.5 pm USRI Particulate matter less than 2.5 wm
P TG - AR HPA LA AR, 6 144K 04 0 0 SR EWR AT, (ELR S TSP A PML o 11 NHL e L ARSI
e, FUJE PR T R SR P 1 7 4 23 A RS U A R0 Bl A R
£2 #A TSP 1 PM, KA MEBEFRE

Table 2 Concentrations of water-soluble ions in TSP and PM, 5 from the inside forest

JAB PR TSP/ (g/em®) B PM, 5/ (g/cm®)
AT Tons YR HE G il VR HE ¥ (i
Concentration range Average Concentration range Average
Na® 2.94—9.22 7.31(1.43) 1.79—4.53 3.66(0.38)
NH} 1.16—8.65 6.38(1.24) 2.09—7.61 4.06(0.84)
K* 1.11—3.43 2.40(0.91) 1.19—1.91 1.45(0.60)
Mgt 0.44—2.36 1.75(0.78) 0.16—1.08 0.78(0.26)
Ca® 2.99—5.59 4.28(1.14) 1.40—2.51 1.90(0.03)
F~ 0.02—0.12 0.05(0.01) 0.01—0.04 0.02(0.01)
Cl 0.23—1.91 0.97(0.38) 0.22—1.14 0.62(0.17)
NO; 0.03—0.21 0.07(0.02) 0.03—0.29 0.06(0.02)
S0%" 27.17—46.36 34.71(8.05) 11.35—26.10 20.78(11.34)
NO3 1.10—16.19 6.40(1.02) 1.47—4.61 2.61(0.27)
155 g hRfEE
£ 3 HRSM TSP F0 PM, K AMEFIRE
Table 3 Concentrations of water-soluble ions in TSP and PM, ; from the outside forest
BB TSP/ (g/em®) ANk PM, s/ (g/em®)
T Tons R HEV PR i Y I i
Concentration range Average Concentration range Average

Na* 5.57—9.49 7.66(1.62) 1.68—6.59 5.93(0.98)
NH; 1.78—8.30 4.73(0.75) 0.97—5.39 3.23(1.11)
K* 1.19—3.86 2.57(1.15) 1.35—4.73 1.75(0.36)
Mgt 0.57—2.15 1.61(0.69) 0.63—1.62 1.04(0.50)
Ca”* 3.10—15.11 7.13(1.27) 1.69—6.88 3.25(0.62)
F~ 0.03—0.12 0.07(0.02) 0.02—0.14 0.05(0.01)
Cl” 0.11—3.40 1.21(0.33) 0.18—4.39 1.42(0.16)
NO; 0.05—0.19 0.10(0.03) 0.01—0.27 0.11(0.03)
S0y 31.34—43.62 37.84(5.10) 1.19—38.42 26.58(9.91)
NOj 3.39—14.73 7.14(2.06) 0.21—5.41 3.06(0.28)
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B IETE RS T BB TP B L B & 2 TR Ak Ah PM,  H1 TSP A Na® (NHJ .SO%™ 1 NO; 2 FEME 7414, 15 e
TR 80% LA |, NH; SO; #l NO; & IR 4 4y, Sl i S ASATAY) SO, \NO, Al NH, 7875 S b & S -k Ak i
TS s TERARIIR], PM, s NH; A1 SOT BT i B8 7 HL B2 & F TSP rh H il {0 NO; AR fh a3 55 2 AH 52, B NH Al
SO¥ FEEETE PM, 1 NO; L & 4ELE TSP H, AkPISN TSP F1 PM,  H B9 Na™ 76 85 7 st i 54 4 10% 24 (1
KPS TSP Hl PM, s ¥ Na* JTT it Vi B AR T ARAD 5 Ca™ T VR BEAEAR Y PM, s b i 350800 (P=0.013)

23 EFEHETRMMHEXESSE AR N @ Ca* K aMg mE

BT B B S A M T A R A I R B IR S A BCr ®NOY NH,” @804 8 NOs
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80 -
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ELERRSMY TSP T PM, ;Y Na® 85 -5 SO3 M JGHE AR 1 i (P= P
0.06) , FRS1I Na' B5F LT LA NaCl K £, Na™ 45 Mg i 4156 B2 TSP PM, s HEAUKBIER AT SO
T Na FIl Mg #RR A 3R rek, Fig.2 The percentages of each water-soluble ion in the TSP

NH; TESE T 5 LA NO; IIZE AT M — g and PMys
SOT H A7 2 Fp 4 & I8 X, B AT A 32 2 LA (NH, ), SO, 5%
NH, HSO, (IERTFAE ; M5 e AL (NH, ), SO, T NH; 5 SOT MM B2 ook 2, 1 58 418 AL NH, HSO, T NH; 5 S03
BRI Z N 1, BFFEIE], AR AN TSP Fil PM, S/ NH; 5 SOT ¥Ry = 2 AR LTS 0.65—1.05, 76 & (NH, ), S0, 5
NH,HSO, f tbfE=Z ] ;{5 NH; 5 NO; MBI 2 bR KT 2, % R4 NH; 2R T AP bt i xd kAT T3
B 3 B BB, NH,HSO, F1 NH,NO, B RAA7E, nladad 2 (1) 155 NH; 098 & 8% 3 B F F 2 LI(NH,),S0, Al
NH,NO, A A7 AE , 5 i 5 (2) 31 NH &Y (e[RRI P B FHIE) |
ceal(1) (NHJ) =0.29¢NO;+ 0.19¢50% (1)
ccal(2) (NH]) = 0.29¢NO;+0.38¢50%" (2)
i 3 7T LA NH, A S BES AR R A 45 R (R? = 0.61,P<0.05) , PM, s F LA AR & 1 H TSP SE 47, ARk N
A AIAR DG B LU AN . AT AR (1) BITLL NH, HSO, B SAAAE A TH5 (8 S8 e 0 AR, 107 LA (NH,, ), SO, JE X AFTERY NH; 1T
S KT LI , SR I s S0k T NHG 5 S0T 4SSN NH,HSO0, ™ (H 2 FE R4k v 5 BRI AR Al 0, 1A
S0y 5 NO; AU NH; JEAL &Y, ol gefF e e I XM s iR 3 S5 AR £ , 4 Na, S0, \K, SO, il KNO, (% 4) .

&4 WA TSP 1 PM, B FEIMEE R

Table 4 Correlation coefficient between the tested ions of TSP and PM, ; inside and outside forest

Na* NH; K* Mg** Ca® cl- S03"

N NH; 0.21
Inside PM, 5 K* 0.06 0.19

Mg 1.00** 0.12 0.87*

Ca” -0.08 0.14 0.14 -0.07

cl- 0.98 0.85" 0.98* 0.58 0.49

S03 0.96** 0.99** 0.84* 0.96"* 0.07 0.37

NO3 0.39 0.93 1.00 " 0.70 0.31 0.27 0.58
A NH 0.25
Outside PM, K* -0.08 0.34

Mg 0.87* 0.26 0.72*

Ca®* -0.21 0.10 0.08 0.02

cl- 0.93** 0.82* 0.40 0.47 0.53

so¥ 0.41 0.98** 0.95* 0.25 0.50 0.36
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Na* NH; K* Mg Ca®* - S0
NO3 0.02 0.92* 0.87* 0.21 0.31 0.18 0.87 "
iy NH; 0.33
Inside TSP K* 0.40 0.96
Mgt 1.00 ** 0.24 0.83*
Ca?* 0.10 0.15 0.13 0.12
cl- 0.99 ** 0.35 0.35 0.71 0.28
S0y 0.51* 0.95*" 0.92* 0.31 0.17 0.38
NO; 0.21 0.84* 0.80* 0.26 0.11 0.23 0.62*
AR NH} 0.14
Outside TSP K* 0.20 0.89 "
Mg?* 0.86" 0.11 0.91*
Ca?* 0.04 0.19 0.10 -0.09
cl- 0.96 ** 0.36 0.89* 0.27 0.69
S0¥ 0.46 0.98 ** 0.92* 0.41 0.68 0.92"
NO3 0.30 0.88* 0.69* 0.49 " 0.31 0.79 " 0.83"
* FERIEKTE R 0.05, * * F2R 2K 0.01
30 - 30 -
* NH" cal(1) y=6.33x—2.57 * NHy" cal(1) y=4.46x +6.79
25| R2=0942 P=0.35 2 L R2=0.924 P=0.028
o NH4" cal(2) y=3.61x-2.01 5 o NH4* cal(2) y=2.91x +2.45
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Fig.3 The correlation between calculated and measured ammonium concentration

2.4 B IR AT
2.4.1 IR A bR Y AT

Cl™ \SO7 Na' Il K*IX 4 RS 2 /K 19 282 p 40, B e R Na® 2300k H F i3k 7, SR 5 8 4o Eb 40 /K o REE o
¢ (CI7)/e(Na") ,¢(S07 ) /c(Na®) Ml ¢(K*)/c(Na®) 1 HAH , R HIBH & LR AR B 7 R 2ROk { TR 2Rl o K
¢ (CI7)/e(Na®) .¢(SOZ ) /¢(Na* ) Fil ¢(K*) /¢(Na* ) 43514 0.250,1.810 F10. 036121, HF5EHE] TSP A1 PM, 4 & H 45 85 T 1 e
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L 5, FRASM TSP Fil PM,  H CI™ 5 Na* B HUAE/N TR AR A9 L, BERA €17 =2k A TilgdE, SO ANK' 5 Na' Wy kT
VK HR B A, RIS 2 RS T Bk A TRl . 405 225007, ¢ (KT ) /e (Na® ) FERK I AP TSP il PM, 5 #1225+ W] & (P =0.026
M P=0.043) ;18 ¢ (SO ) /c(Na®) TL B2 F(P=0.255 Fl P=1.847) ,

£5 AKWKFKAEMRKINGE TSP F1 PM, R B F RS HILLE 47

Table 5 Ionic ratio of inside and outside forest TSP and PM, ;during rainy season at the Dafushan forest park

BT Al kP9 TSP #RAh TSP HRIA PM, 5 BRI PM, 5
Tonic ratio Inside TSP Outside TSP Inside PM, 5 Outside PM, 5
e(K*)/e(Na®) 0.40(0.13) 0.32(0.04) 0.48(0.10) 0.34(0.05)
(CI™)/e(Na*) 0.17(0.04) 0.17(0.08) 0.24(0.02) 0.13(0.03)
(802 ) /e(Na*) 5.40(0.86) 5.57(1.33) 5.16(2.61) 4.94(1.29)
¢(NO3)/¢(S0%) 0.17(0.07) 0.19(0.10) 0.13(0.02) 0.12(0.04)

2.4.2 Bl UEAE A AT

SO; Ml NO; JE3l T 43 S0k o (1 2 a 4y , H R ZORIE T A R CBEFIA I AR ) SR8 =4 1Y SO, il NO, 7R3 S P 1 %
fead e, 2 BRI NOS 5 SOY BihE L (e(NO3) /(03 ) ) AT LA Mo [ s U5 ( An iR ) S 2l (Anv2e B0 W3R
PRI R TR R 1 KN, AR s SR T ¢ (NO3 ) /¢ (SOT ) I H A , IR 4 Uk BA ML 2 ZE %t 25 S SO, F1 NO, ) T ik K F [
FEWRB TR L2, W ¢(NO3) /c(SOT ) iy LR, W HE SO, F1 NO, EZEIH [ FHEAIREE . 3R 5 Augs a4, KR il 7
RO AR Sh TSP F PM, 5 1 ¢ (NO3 ) /e (SOT ) 9 LU BLACAIG, 156 BH [ 2 ¥ Yo il %) 23 SU0RE ) 1) STk F 88 slils; TSP
¢(NO3)/e(SO7) W LLIER T PM, 5 B9 LU AEL, i3 B AL 3l 15 KR 42 TR 40 B4 BT R EL /DN A58 B A 5 4 g 428 2 490 70 A P 41
¢(NO3)/e(S07) HEZ M ZERA B (p>0.05) ,
3 gig5itie

HBFFE ] A BE T8 5ot 6 0 AP A o P XU, (e85 23 A5 R 0 A i B el 25 B8 RURG B 3 o 230k 20 90 0l 2 A R )
A SO . AR TS5 R AR Y PM,, A1 TSP 34 Bk e JBE L AR AM 18 35080 (P<0.05) , 57 N T X T 22 PM,  H]
FLIg AT 50% 2" SR IXAH . , RIINFRAR A P ZRAR &A% T 2R s PR A, i BRI T — M i i e e s o), P22
9 & & AR 23 2 PM,, 5 R S8 38 M AIORE . AT )i SO 4 S bt SR ATt b 2 8] A AR [T b 248 7 J HL 5% 3 3 i
23 SRR T T BRIT , BN T BRAK P9 1) 45 5 PML o (B S 1K RO B F 1923 3 P, 5 S8 SRPVRFZE T AL BT 1L M X 3
oL AR iR UM 23 A5 AT 200 1 LS 0 R S 580 17, 8 ) U0 TEUMR RE AT AR BTG 2 SR BORL I 0 B i B i, (HR v RO s X
PM, s VEFHAEAN I IX. S R AR AR A A 2 52 22 A SR GG A5 >0 B9 T 6 Al 4 b R85 T 23 /< PM s R A 8 Tk LA
IR ZEAR N (0255, PM, 96 3 30 5 T Mk b 5 {5 Cheng Manting FI13K — S & AF 58 & IUAK N Y 25 R, PM,, ¢ 3 78 T 2 B T4k
GRS TSRS

ARIZN TSP F PM, R EY/KEMEES T LA Na® \NH] .SO2 HiI NO; A, H 5 BB T FER 80% L I, X —245 R 55X
{28 SITURL) K B LB T2 A 2 AR ) 2 SIBURI TP 9 Na® & 4508, Wang S5TA ST Eh 23k = 41 M X 25 S0k 4 b oK i
PR F ISR R 2 — R R R A B A TG 1 2 R 9 K i N B Pl #5 0E A s S0 R Na " B Pk BETHR L AR ob
1) NH; SR, SFHAE 3.0 ¢/cm® DL L, 3] 82 B S Tl A 7 HE e sl A it A 258 4 56 B9 &< (NH) B A B s S P &
T AR NHG B TR, B VR 0 A0 4 gk 3 R Rt AT K BB NH, A R Y A 1 Tl — g E
Cheng %I\ N SOF & ik nTBE 5 ) M ol i Toll KB S Ak B HE O AT DG, A R AN PR 7 0 (9 AR el ) ) g 2
A, A SRR BB B A 2ot — R s O OB BB R — O I B s A 2 NOS BB A TR R A
W NO, 280t 2 B AL AL W R BRER FTEL, MMITRNSS BB | G AR IR BRI VRS G R T STmR , X — 25 5 5 Wang 2505
INTTIX TR ZE 28 S ki) C1 iysle i —2c |

Mg™ K" Hl Ca™ S22 S P ML R A 200 3, R HUE R [ AR AR 5 Bl A, 36T b 3 K A A e B8 3 e i ) MR 9
H5RE Mg™ K" H Ca™ TEARPISME TSP Fl PM, 5 19 57 2 Vi B 522 A UK g e A, TG 3 0 i R 2 5 0 4 i 3 A e ) g A AR P T
W McPherson 251 Freer Smith 25 7E U B 25 S BRI IO HLERAIF 93 2 BLIX — IR FE 45 1130 Mg K 123 S0k 4y b Af 56
PR, BB THHI R R R YRR R 5%, T Ca™ S H B ICER A F ARSI 55 | 1] Ca™ A & AR FHAb R
F SRR, G e R SR R A

TR AN AR =1 NO, /SO, FUABAM 01y 13:1 A1 8:1 SRR s A W MR BHABE 5 NO, /SO, EEAE R 1:287°0  BIr L, NO;
5807 B % nT LIKLI A R (18152 ) FBL 8l 42 (RS 3h ) STk R A9 /N L KR AR AR FE bR 4 41 B TSP Al
PM, s NO, /SO, LB #R/INT 0.30, 5 M B XY NO, /SO, Hifl 0.07 KM HeASE X 9 NO, /SO, HeAf 0.50 ZEHA /N> 43
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PP ] 5 RS IR 1L AR el 19423 ORS00 1) SRS T Sl JH s PR Rb 22 Dl o 0 DR 9 T s R X, AT 22 (9 1T
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