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MRRMHA T KAFEREZ —, RERGK
W, dbxX2ZE, EHF EHANE=ZKBRWX., B
ERELFRE. T iifbRELE, 8
WHHFRERH MM, REBERSHURIE (Y
475%), |, 1990 ELEEREERN
10.52x 108 t , 1995 £E3¥ % 12.8 x 108 t, MREH
B SO, 1995 4E 3% 2 370 X 10* ¢, it Bk 1%
H, BHAEmY., KEHRMN SO, iEd, B
HBRBEHBRAMKKIESR. BEXRFARRHX L
B2 177 AR 13 48 (1981~1993) B
MLERZH, A 62.3%KIKTT SO,EFHwER
SEE %% (0.06 mg/m®), BEHEEBL
ER=%FME (0.25 mg/m*)!V; EFHREK pH
BERTSOHMAESEHRAGE LB 30%02,
REMMNIEAGERKIUSEEAT, HERCH
1985 4E B9 175 X 10* km?® 3 E 1993 4E #) 280 x 10*
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Fig.1 The process diagram of effects of acid rain

on terrestrial ecosystems
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3.1 BEXRENTRAOKME
MW REV RO M, NFREYRNLA

—o 8 P RN Yy X B BR R AU I N A '
iR REY, MW pH E 3.0 248,
WRBER, ME. Xk, KEFKZ, KBAH
B, MEMBEREASR, HE8BREHIIKE N
WMESNESEKRSKESKESKBO>RESE
WS, RELAREYRIZMERE, 15 kX
R REW, WL pH A 3.5 WEBIER R #,
MR FHBEME 6. Fih. 73X, T, A
H. LEME/R, K= BTHE20%UE; BFH
FHBHE 4. AR, XA, WHEG BN,
HFERETRE10%~20%; BTHERBRNA S FfR:
HW. HE. X, pAKAAB b, HEEmW
FE10% A TR, S4Bt REMEEh Tt A
ZMRWAEEFL GRS R, WeEHRER
ik, EEEWTHME,

BIRW M SO, B -5 R 5H S5 X KIE
YRR EREREARR (K1, 2. £3),
ZEHWEERY, HURBEM SO, EAELAEAH
BryhERE T,

F1 EMBRENREDEREBHERLED

Table 1 Criteria values of simulated acid
rain affecting crops yield
e %R U7 W/ % B pH{H
i 08 aean
CkR. KT, H4F) 20 2s e
AR e
CENETE =2 e
it 0ot e
(KEAHR) 20~25 <3.0

£2 SO, MREWTREMHBELE
Table 2  Criteria values of SO, affecting crops yield

W SO, &
PP BEEE SO, i Lol
/% /mg'm >  /mg'm 3-h7!
5.0 0.09~0.16 35~38
nHEY
_ 10~15  0.13~0.19 76~ 114
(X KEES) 20~25  0.20~0.32  120~190
5.0 .07~0.1 25~30
- 0.07~0.10 5~3
UM ok W) 10~15  0.09~0.17 50~100
' ’ 20~25  0.19~0.28  105~170
5.0 0.03~0.05 14
it 10~15 0 gz~g (1)0 16~24
(AN 20~25  0.12~0.14 30~61
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Table 3 Criteria values of combined pollution of

simulated acid rain and SO, affecting crops yield

PP W ——— SO, ¥ SO, &
/% /mg'mﬂ /mg-m'3-h‘1

ey 5.0 4.6 0.28~0.20 68~ 50
(KB KE. 10~15 4.0~3.6 0.37~0.28  90—~68
HES) 20~25 <2.6 0.43~0.37 125~90
FEEBREY 5.0 4.6 0.15~0.20 28~36
(M. EX. 10~15 4.0~3.6 0.20~0.28  48~50
%) 20~25 <2.8 0.28~0.37 68~90
SRIEY 5.0 5.2~4.8 0.08~0.13  21~33
10~15 4.6~4.0 0.13~0.24  32~58

(KBAER) 2025  <3.0 0.24~0.37 58~78

3.2 BANKRENRERE
BE “tH”, ‘AL BRBRRWREHE

i (FERK). M. TR, TR, B, B8,
wE. LA, ¥, BdtE g (K) RS
R, REYEZRWAEENBAHEHRN 1 288.74 X
10 hm?/a, Z¥FH#KE 42.6X10° JT/a (£ 4).

4 ARG Y

4.1 BEXNHZHANEE

BRENEREEERFIABECHARERERE
REGEEX A, EHERSE, EXELW
1 500 hm?’ % B # ( Pinus Massoniana ) # B FE 1=
46% ; PO)IERJE LR HS (Abies Fabri) MRICT-%3iL
40%; P)IES EFEHMALG 6 000 hm? 4 1
(Pinus Armandii) AR LT3k 96% . Moh, T
BHIMNTRR . SR MHRE . WL RMXAE
L 55 3 BR T X AR R I fE L LU B E

®4 FEFANE (B) SEREVIRFLEFNBENERNEFRE

Table 4 Annual economic losses of crops damaged by acid deposition in 11 provinces of South China

% (X) Ry SxEY

£ &t

% EHE/10°hm? R%/10° T EH/10° hm? %K /10° T WH/10* hm? $%/10° T EH/10° hm? #% /108 55 iy
L 178.83 2.218 81.82 1.753 39.99 2.800 300.65 677.0 Xwkie6]
I 21.38 0.257 16.97 0.283 24.95 2.310 63.29 2.850 AL
B 120.62 2.725 © 56.83 1.419 21.89 1.901 199.34 6.045 RAE
B 8.35 0.076 11.45 0.074 32.74 3.168 52.53 3.318 ALt
ILF 4.70 0.024 29.18 0.542 28.3 3.038 62.17 3.604 AL
Wi 15.25 0.10 37.22 0.963 42.3 4.970 94.76 5.938 R E
¥t 107.99 1.945 68.36 2.418 42.74 4.100 219.09 8.463 AL
m) 100.77 1.000 71.25 0.300 13.33 0.600 185.35 1.900 Xk (5]
Bt 31.04 0.100 14.23 0.100 2.93 0.100 48.21 0.300 AL
IR 0.09* 0.006 — e 31.17" 1.911 31.26" 1.917 x® [7]
i} 10.20* 0.196 —_— — 21.91° 1.276 32.11 1.472 Rt
a1t 599.22 8.652 387.31 7.852 301.51 26.074 1288.74 42.578
* RfEEEH

AR R NSRS AESBNAR, T
R AREHX 108 FHAFXBRWM SO, RATHH
EEMEBHERARERZNS, REGERME.
MAGBE LA . K BLAE R B 7R B K BLAE
RIS E) S5 MR AR ER- S BB, BT8RN R
A2, PEBURHRFA S5, HENNHE
26F, HPERBENAHPERERANZ RN
KA (Metasequoia glyptostroboides) . B2 (Gink-
go biloba) P (Davidia involucrata) %,
4.2 BEMNFEHREKEOER

5 76 5 M 700G 1| of A6 I AR 86 B BE ) T B A AR AN
KAKRBIZED ), Bk pHEKT 4.5 XA
REFLHEKBHMEK pHE/NTF 4.5 BEFFIH
H13.7% ~33.3% F1 26.7% ~44.3% , W EEF
BEKES S EH 6.0% ~37.9% M 25.8% ~
50.6%, MBREFHEKEFHI B L 34.3% ~
77.6%F1 51.4% ~88.9% (& 5). UYREFER
WA XEERKERTELRAMEK pH HRER
R 7E 57N B 10 )1 98 25 s (X% atb BT ALk 9S4 AR 44 BP
RN B FRE R B ARG AL, T oL Hh 2% S0 3R R BE
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e, BEOL. BB, HREE. A REEMEWNR
BEEEER, BXEEFHEIEWKSEKN B
', MR, BB, MREYERKBERTR,
FABRAHER [ JUAEBS, SREH, BK
pH X kA K BEMAHAM B> BB THEHET,
MK pHIEX — B FH 184 %KF pH{E 4.5
PAEXKFHEKpHE 4.5 ITH, XFEHW pH
4.5 UTFHREKBIBRBXM ZRERKEAREmE, 3

BACAE T3 RN AR AR, WE .
MRARKEWEHTEKE: SRMN 48.97%.
33.90% 1 48.32% , A2 KK 31.86% . 32.38% i
25.17% ; MWiAEP)I A AN S Rk 45.40% .
46.40% 1 29.19% , KK 46.50% . 33.90% F
33.98%; Hig#ARX (1) HERW MEZE. &
B MBS A RBEHREER,

R5 BENDER. BAREEHEKBHR M

Table 5 Effects of acid deposition on annual mean increment of Masson Pine and Chinese Fir

e A B W Fh B 3 FaRR 642 /cm B # /m ke
PHﬁ /a /m3 Bk !
M DEM 272 22,77 0.63 0.63 0.004 4
I 60 24.8 0.55 0.46 0.003 9
4.5UF
i OREM 20 22.0 0.44 0.41 0.001 1
2 K 11 8.0 0.39 0.38 0.000 1
S DR 75 23.5 0.73 0.67 0.006 7
I 66 23.6 0.75 0.62 0.007 0
4.5k
m| W 40 23.6 0.66 0.66 0.004 9
2 K 32 8.0 0.70 0.77 0.000 9
B (yo — 1) X C x 100 (3 4.3 BAXNHFEREERX
Yo 4.3.1 BASAKRATEFRLOFALS B
AH Po—4FFHERBHRRHOE TR TN B AREGf B 5, 4 b B4 4 5 ] B L

yo—— AEBWAEENHRRELHEKE
yi— F&K pH{E 4.5 LT % F R HMEF
EKE
C—— MK A Hr 78 i B BR T X 2R AR A K B
A TTRR
M6 FBHM, pHIE 4.5 LLF &I BR TR X 5t M
DREmMHAMEEZ. e BREERE DN TR
6.71% . 2.02% M 16.37% , HAKKIZ . WE
MM BREEKESH T B 8.50%. 8.36% M
13.26% ; M) 5 EMARKME ., W& MM RE
HEKBSHITH15.12%, 17.59% 1 22.15%, £
AR, REMEREEKE SN TR
14.72% . 14.85% F129.06% o
6 BEXNBFHAREEHEKBOBRKE/%
Table 6 Percentage of annual increment

losses caused by acid deposition

R LR s & B ZIA

oM DEM 6.71 2.02 16.37
IS 8.50 8.36 13.26
i OR# 15.12 17.59 22.15
LS 14.72 14.85 29.06

HHBR 8 DA RE R BT A 8 BE B A9 AR b1 B BROR
HH. BREAKX (2) K ERWEF A K EHR
K&, REHEAKX ) #ITAMEFHMAMMHA
Bl HEH R AR E S B K . RS @ W
AR IR K BB 1L BEK WA K, R E L0
bk EWE, RYEE, RiEEE, RPFAED
Y1, BAERSMENEETE. HABREY,
PRSI G RSB 93% , KM
Bl 7% ; XEWHE, FAETBESAMH
B2 K 9:1; XERX WP KBRS, FAE
AR ER M E L RS MER 91% o A SO0 KA
EBHBRENRTFRE, #0%HH.

WnZZGn-ﬁn-Pn (2)
n=1

R Wn ARWEFAMBERLR (m)
Gn HAMEBRARMFAEKR (m’/hm’-a)
On HERFfEEHRAMER (hm®)

Tn= >,Kn- Wn (3)

R T kBT 3 25 MK B0 b A 3 0 12K 0 0
(10% 5T)
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R s o B BT R Rl A 7 R G0 B B W A B 3 X 3R 9

Kn NEH m® KM (JC/m?)
432 PRRANAKAENEFAL BE
“ER”, “ARL” BREXBRWREAE 14 (K)

KRG REN, AHZHFHMER 18.02 10% T/
a; BARESHBBTFMEN 162.30 10® Jt/a (F
7o

®7 REARAE 11§ (E) RRANERERNFEFRARMEN

Table 7 Annual economic losses of forests damaged by acid deposition in eleven provinces of China

% (K) A B YFMK/10° T-a! AARBLHMK/10° T2 o
& ORMA AR &t R EAK &t
H 0.17 0.12 0.29 1.50 1.10 2.60 xm (6]
i 1.5 0.60 2.1 13.50 5.40 18.90 AL
M 0.07 0.02 0.09 0.60 0.20 0.80 ALt
£} - 0.15 0.56 0.71 1.40 5.00 6.40 ALt
oe 0.41 0.93 1.34 3.70 8.40 12.10 ML
L] 0.24 0.56 0.80 2.20 5.00 7.20 ALt
#db 0.30 0.37 0.67 2.70 3.30 6.00 AL
m| 1.36" 0.05 1.41 12.20° 0.50 12.70 Xk (5]
BtM 0.49 0.05 0.54 4.40 0.50 4.90 At -
IR 3.52** 31.70"** X (7]
|| 6.55"" 59.00" " * AL
a3 18.02 162.30

W FRINMARIEERN; » « BEFHARGHE; » « « BXM [5] 45K

5 BAXNLRGYH

BEX TR FEEROER
ITMKEPNZREERE, LREEERE
A, ERERpHETRE, LREML, FEX
NESRERERARNTHE.
REAHEKRTEA, EREXHRMEHR
BROBXAWH W pH HMELER, TXE
4.51~4.84 Z[A], F¥#K 4.56; MPXTE 4.55~
5.63 208, E¥H 5.04, TN HIBETREEEA
pH MM, FRMBEESNERLELR, BK
MBI RMAT LMW pH{EN 4.3~4.6, W]
B HEW (Cinnamomum Camphora) T LI

5.1

WM pHE (4.5~5.0) 1§, HMAT L BER
FRSOF MEHLSERMATRNERS 31§, NO*~
WERL 10 5, ERWBHRSA, EHERFH K
MEE LR E—EEAN., BKERFMER
HBEHERERMN RS REYE, TRERREL
(0~4 cm) BRERL (15~20 cm) FBHESE
BE1+ i pH E TR M, MAHKES. EHTFM
HERMENER, ETRMBEE (F8)D,
5.2 BEXNIMMEVOER
THPETERRELR, HRES. RBAR
EROMEDHE, EMNMESRENEBRBIRM
YEHEAREEEER, ANESHENEAXE
GRS 8 AL G E AN A& W) i 0p, &

£8 HUBRAENKNLEERHEM

Table 8 Effects of simulated acid rain on chemical properties of yellow soil

1% pH Al Ca Mg

REER A MM pH HEMAE/%

H,0 KCl /mmol*100 g 'F +

#+ (0~4 cm) 2.0 3.26 2.96 17.24 0.91 0.22 0.05
3.0 3.95 3.16 33.04 0.79 0.86 0.06
4.5 4.77 3.98 51.93 0.26 1.77 0.32
pogi] 6.12 5.05 82.94 0 2.51 0.84
BE+ 2.0 3.69 3.20 27.12 1.50 0.10 0.03
(15~20 cm) 3.0 3.81 3.33 29.88 1.00 0.59 0.04
4.5 4.75 3.92 51.47 0.30 1.33 0.30
bogii! 5.76 4.75 74.67 0 2.40 0.64
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5.2.1 BESERBADHBEHFTHYRY B
WX HRBEYHBREFAERNEH., BERBX
MERWK ., BRWEXMENEEXHNDEMAT
TWMBEYRFERER (KR9), TRWHEW
TP HAEYEHEHABES, HPHAEEER &
BE, BEAEHERE TR, MEEREA Y
e HRMABEPFRTFERFEROEIES, X
TRPBEHRSTRENRNE LA EEER, B
MREREAEPFRFERER S, EERMKX
BltEP, ERFMRTE (Bacillas mycoides) .
EXZFHIFE (B.megatherium). ERFMRIFE
(B.cereus) FIMSEZFEMITE (B.subtilis) HPE
5EHMBEXWILRNELHEL, ZEAZBD,
ZMWHRR, THEPEEHEHE M, BRHEH
2, BEEMEIBERA TRERENETSE (peni-
cilliun) MAKE (Trichoderma) ¥FEWEIA X,

F9 BREXIRREDHEN
M /1000 4~ -g ' F
Table 9 Effects of acid deposition on soil microbes
HE MERE  MADER HE O ORKRE HHE

AW ERMKX 817 271 46 500
BERE RBRRERX 2239 1 700 36 503
oE HEMEEX 52 681 51 890 31 760

5.2.2. AN ELRAMABELERY R BE
B TR EERRE, EERWKX
FHEARERRRWX THE 27%, 2THS ke
THWAH 50 mg BER. BHEMEEX TR 0%,
HAHYTHE kg 2B 500 mg BEER. BREHNE
W EHAERAAER TR, BREAEAANHE
(% 10),
£10 BEXIRMEDHELTENRR

Table 10 Effects of acid deposition on biochemical

activity of soil microbes

— RREER WEER ERER
A BERRE  /NHymg /NO; mg /N mg
2 'F+ 2 'F+ g 'F+
M EREX 0.68 17.22 0.23
EE BREX 0.33 11.54 —
o A EEX 1.40 17.94 0.23

6 BANKELHHYA
6.1 KRB @XM

KRBT 8 . o AN B R 9 R A T Y B
MERE. Bk, . WEESERARLER, X
=fFAaxE pH EKENERUHEBREEEER, A
AREFEHBRMBRERR, ZEH. FaMsa
BEFFER pHEAKF2 3K 6.0, 5.5 4.5; 4
pH<6.0 fH B, fF A BE RBE pH & KT A
Ho
6.2 AEMAMHEKELEDHKMS

K pH EX B2 4 Y KB & ( Daphnia
magna) FEE. ERMAHEHHSIHERRER R
B9, 24 /hBYF LLsy (EBFEAKFE) N pHEH 4.66 +
0.19, 48 /it LLsgh pH {8 4.94 £ 0.20, 18 #%
RPEHFEEZE 0 X (pH{H 4.00) £ 11 X
(pH{H 7.00 fIxiH8) ZiH, & B HEBE 11 Xik
KR, B pH EHBEK, BN FHEKEHB L,
B EW TR, K pH E X RG22 Y i J 2
b8 (Radix swinhoei) iR % EPFFR XK pH H
3.6, 3.8, 4.0 BYHY 96 /NEFFE TR 4 FI & 100%
60% . 20% 1 10% o
6.3 KREBREAREAKEEDHEKM

RERFMZEME) . BEKR. FMibX K KIT
KWK, BT, B, IRIT. WITHEKE,
HAT pHEZE 7.6~8.4 Z[6], SWEAE 1.52~2.3
mol/L Z 8], H,FHFE 170 ~ 440 mS/m 2Z |6, #F
ARBAAKME, )| #EHEFEAE 30 X 10* hm?, H
B TFREFAE T pH H 5.0 FHEKZ WM 27 ¥
10 hm?, EAE, WM XK HBKE T 1.92
mol/L, pH{H 7 7.0~7.6 Z 8], hn b iEAE& X,
A fERRIL, KA LRXKE. MiEEAdRE
BRAL, NEERERBXAH /M bERBR Al
SO IR R, BIAEY (XX) HAFE
My, B, W, ERARMNET
fERfk (pH{H 6.5) KR ML K &iE 2.3 x 10
hm?, WARREBIERE, i+ 10 45 7 fE L #1 k
F|AEH X 6000 ~7500 % 10* 75T,

7 Btk
FEETRETERREHKN AR SO, 2
WA “RBRRARTE, PERSHEET 1%
MR R &5 20% , 2/3 MEERIR L, ERK
MR, SHEBAT4%WERREALSE 34, 2F

- EmEREHER SO, 30 ke £/, TEEMRBEKX
B, BiGMWA EEEH N RE SO,, RFEAFF4E
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Impacts and Control Strategies of Acid Deposition on
Terrestrial Ecosystems in China

Feng Zongwei
(Research Center for Eco-environmental Science, Chinese Academy

of Sciences, Beijing 100080, China)

[Abstract]  South China has become the third largest region with heavy acid deposition after Europe and
North America. The land seriously impacted by acid deposition has extended from 1.75 million km? in 1985 to
2.8 million km? in 1993. Acid deposition has serious damaged the terrestrial ecosystems. In this paper, the re-
sults of experimental and field studies on the impacts of acid deposition on agricultural crops, forests, soils and
aquatic biota is reported. Annual economic losses in crops and forests due to acid deposition in 11 provinces of
South China were estimated to be 4.26 billion Yuan (RMB) and 18.3 billion Yuan (RMB), (Cont.on p.28)
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The Development of Technology for Pulsed X-ray Simulators
Qiu Aici
( Northwest Institute of Nuclear Technology, Xi’ an 710024, China)

[Abstract ]

pulsed electron beam accelerator. It’s indicated that technology of high pulsed power Z-pinch has vast applica-

In this paper is given briefly a survey of situation of simulating pulsed x-ray with high current

tion prospects in the realization of ultraintensive pulsed x-ray simulator and ICF driver as a chief technological
way. Also are described the progress and the current status of simulators for pulsed x-ray in China, and propos-
als for the future development of Z-pinch technology.

[Key words]  pulsed x-ray; high pulsed power technology; pulsed electron beam accelerator; Z-pinch; ICF

(Cont. from p.11 ) respectively. Acid deposition in south China is typical “sulfuric acid type”. According to
the view of sustainable development, some control strategies are brought forward: 1. Strengthing environmen-
tal management, specifying acid deposition control area, and controlling and abating the total emission amount
of SO,. 2. Employing practical techniques of clean coal, such as techniques of washing pyrite off from raw coal,
industrial sulfur-fixed briqutte, and abating sulfur from waste gas, etc. 3. Developing alternative energy
sources to replace coal, including hydroenergy, nuclear, solar and wind energy, etc. 4. In acid deposition re-
gion of South China, selecting acid-resistant crop and tree species to reduce agriculture and forestry losses, plant-
ing more green fertilizer crops, using organic fertilizers and liming to raise buffer capacities of soils.

[Key words]

acid deposition; terrestrial ecosystems; economic loss; control strategy
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