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Abstract: Weather modification operations in China has been carried out since 1958 with silver iodide as the
main seeding agent. Whether silver iodide affects the environment has attracted much attention. This pa-
per analyzed the content of silver ions in precipitation, soil and lakes after silver iodide seeding in several
countries in the world. The amount of silver iodide used in China was counted, and silver ions in precipita-
tion and in the reservoir were measured. It is found that the silver iodide used for weather modification in
China do not affect water resources and the environment.
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B 10" g g DLEE M Agt fE AR AR R
G T A TR WA A DT K R 08/ X 4 58
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B bR B RE 20 28 60 ST IR TR T AL
LM R Al X 3R 5852 i i WF 58 (3R 1)L 5T
N GTE o A I A A S W Ag i,
WA AT Ag” A i A5 A BB T 40 X
B ] GE 19 52 W ( Warburton and Maher, 1965;
Kharkar et al,1968; Warburton and Young, 1968;
Parungo and Robertson, 1969; Standler and Von-
negut, 1972; Warburton, 1973; Freeman, 1979;
Lacaux and Warburton, 1980; Stone, 1986; 2006;
Stone et al, 1995; Potapov FlI#X [E K, 1995; War-
burton et al, 1995;1996; Sanchez et al, 1999; Wil-
liams and Denholm, 2009; Korneev et al, 2017;
Fisher et al, 2018), FE WM 20 42 70 FH G
XHHEALRE K e Ag™ & BEHEAT R (= D IF R K
PEr Agh & ik, s BT Agl i A X B85 Y 7T B 52w
(W P &F F0 E 8 # . 19835 % 06 F 48, 19895 5% 34,
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KA LHA TR F ALY 14 00 55 5 5 TR 35 A, 4
LG 63 MREARIFEK T Ag’ &5 AE 0. 003~0. 048
ng e L '"(FE D, FEH{E N 0.007 ng - L', mfEdE
PRI B B i DX 483 A Rl 8] Ag™ (Warburton and
Young, 1968) . 73 R Hi 2 ML A Tk fk
WETI 73 AT RE Agt W IE A 0. 01~8 g -
L', F3¥ R 0. 95 pg » L' (Parungo and Robert-
son,1969;Standler and Vonnegut, 1972), 1984—
1985 A7 2 [ P 48 3k M 2o b T80 A B b ik 41 A L
W IFTERE S AU 2 cm PRI AR 40 A
fLJ5 0.5~3 h S KB Ag™ & ik, 7518 850
MEALTFE M Ag’ W& T35 5K (0,002 pg »
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1) 2 RS ZE P A AT T K A BT
KRG B 5 ), I A 5T 35 AN BURE AL IR E T
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Xt 3 ASEAEA B 1A B ARBE S A AT T SL R %
SEHURE KRB 20 %0 ~T75 % M EAL BT BEN Ag T ]
WA A EAE IR T B Ag T RN
ML (E 3. Ag™ B4R Al LLZE 3] TR 60 km,
A 3K 70 km (#4975 B (Fisher et al, 2018), 7E fi
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Fig. 1 Idaho of United State uses ground
generators (red/purple triangles) and aircraft (lines)
to deliver Agl [ Fisher et al, 2018;
sampling sites in and around the Payette River
Basin were targeted for precipitation
enhancement (blue dots); sites downwind of
operations were sampled as well (red crosses) ;
Major cities: yellow dots; site 1 (white dot)

was the sole control site for this project]
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Fig. 2 Concentration (unit; ppt, 1 ppt=10 '*) distributions of Ag" at
Site 4 (a), Site 7 (b) and Site 3 (¢) of Fig. 1 (Fisher et al, 2018; CEF:crustal enrichment factor)
Site 5 Site 6
23:00—%@%’“’*%& 20164:2 H18H 10:30 HLEHREER R GHL, 20164 H14F]
22:30F 8 1000 0l
2200 % 09:30 .
ZREUR A 209=00.I./
< ook < 08:30
= 21:00 \'*0\\“\ = 08,00 [
I 20:30¢ . Z 07304
20:00F 07:00
19:30F /\“ * 06:30 \:b
(a) o (b)
19:00 06:00
0 10 20 0 5 10
B/ ppt R/ ppt
B3 &1 o s 5 Ca) Ak g 6 (h) Ag™ ik B i B ] £ 4 A
(5| A Fisher et al, 2018 £L {8, . b T KA %% 0 15 ek B, 3% 60 . RPLAB S0 B
Fig.3 Two real-time sampling results from Site 5 (a) and Site 6 (b) of Fig. 1
(Fisher et al, 2018; red bar: ground generator, yellow bar: aircraft)
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Table 1 Ag" concentration detection of precipitation by artificial seeding in several countires
[ % fiEfk H 1Y e 75 X AEAR Agh &/ (pg L7H %2 ik
TR FI . N LHE L 1965 0.003~0. 048 Warburton and Maher,1965
% [ V5 N T3 i TRT R B 4 AR HL 20 {42 60 44 0.004~0. 020 Weather Modification Association,2009
o [ AN T3 “ZRTEM 1978—1980 0.026 Wi &7 3 6 L 1983
o [ A A N 1) =R 19751986 0.004~0. 010 64,1989
i E AL 5 N T3 H TR BE b RAL L K 20022003 0.080~0.120 B2 4§ . 2007
5 [8 % 3K Aif N N L™ i TR R 0 R 2015—2016  0.005~0. 025 Fisher et al,2018
2 Wit mn& N LB %L PN S i) 20 4 70,80 4EAL 2. 300 Korneev et al, 2017
JIEON PNk NLBiE L 1968 0.014~0.016 Warburton, 1973
Hi+ ANTHi% TR K 1977—1978 0. 006 Lacaux and Warburton, 1980
VLS Leon 4 NTBid b TR e 1993—1994 4. 600 Sdanchez et al, 1999

S TSR

pg e LTV FH Agt ol 0,026 pg » L', R K

BE Sy 208 1y, Ag™t

¥ 0.046 pg e L', 3AEMEAL KA Ag" KT

HARTK B 5 1

1975-—1986 4FAE f 248 ol K E AL =17
AT Agl AT N TN, 58 RITH 3 h B
1 7E 1982—1985 4F ] L gk 4T 96 WAL 56 CH:rp
WAL 47 YO (6 F-45,1989) , &l 4 45 1 T kA
M s a5 X R B K UK 2553 A1 s BN K FEZY 10 mL,

40 By, Ag" & B EOR(E N 0. 18

R RN 0.65 pg o LT, F
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Fig.4 The location map of seeding sites, two
experimental areas and precipitation sampling
sites in Gutian Reservoir of Fujian Province
(Zeng et al, 1989;@:automatic rain gage stations, O:rain

gage stations, ¢:radar locations, %:Ag" observed sites)
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Fig. 5 Temporal variation of Ag” concentration
at Shitashan (solid line) , Changgiao (dashed line)
and Pingnan (dot dash line) sampling sites

(Zeng et al, 1989)
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1.2 ANIHWET Agl EAMAMTR Agt 94

FEIFRE T AL S A AT oK R Agt
B AL GE . Freeman(1979) F| B2 Hii £ & 1L
b DX — /N CFINIA AE Y T Ag B PR RRAE .
WA Ag” BSRIRER T2 RO AT R ph R L R
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K HL TR K A AR ORI ] K K AR AR )
JREATG A= Wy #0401 28 55 1) 5 H AR AR EAT T AR TR W o
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1980 4F LI ok 5 [ X iy A 18 41 100 Z2 A~ L ik i#A
TH R i A AR BEAT T 8 58 (Stone, 1986), kK BLAE H
P DX 37K AR B B8 7K R VA OB R i TR IR R IR
T HART SRR IR Ag W kA & ILAE
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B P Ay oK Y] s 4R 1 IR R TTORR A o b DA 1
Agm HHAMRARFAENIRE S B LR, Ag
J&ok H Rk AE N T4k (Stone, 2006)

M 2003 AETFIG AL T AR E AR R s ME )T
KR XA T B K AN 3 W AR B X 2004 4F 6
H % 2005 48 7 HWUH (5—9 A) 1« LA AL
BTN, X KRS A AL 2 AR AR
KT HEAT A o 2 WL Ao 0 B Ag A, iR i
77 pH{E . SR EI 16 UG H . Hh Ag’
PR F WO G LI e o Rl 45 SR R B, BR 2= /ST
TEAEME 9 BT I 20 4 e FE AR 34/ T AR VR 8 s Ag™ K&
e SR A DR Rk A (B2 R Y R E X a4
WO A Xt B T 2005 4R 2006 45 10 A b )
Z 11 AJREHE 6 K PEE P AL s hi K . % =K
PEE KR i K G & B B AgT Wk 5 #iK
T P A O B B LA T R AR . K A P B0k B
FI{E 0. 76 pg « L' GEE2J 754, 20065 2008) » i 122 fiK
TEZK 50 pg « L A WG R KK BT A bRk

RAEEILVFEAL 1 Agl & LETJLEFER 1 —
FE B HEAC, A0 2011 48 4] 92t A N T3S 5 b 4
PR T 1200 ZA Agl A% AR A& Agl 29 11 g,
Agl BN 13 kg /EML X AR 110" km?*,
Agl PR EZHN 1.3 g« km *, J& T il & (& H
,2014), 2011 4F 2 H 9—10 H I REAL T K
FUBRALN LI HI AR ML #8458 1000 £ & Agl HHl 5,
BRI E Agl 3 gsfEML X IR 7. 5 X
10" km*, Agl FHE H 0.04 g « km ;38 1L X T X
U F PR LK BE ARSI  Ag T MR BEES 0. 07 pg o LY
S35 .2013) , 547w R 0 A b, Ag ™ ok B A
AEXT BEAR  RIRE 2 o AR 5 7K PR A PR K o 3 R
BT Ag R,

1.3 ATHEME Al EAX TEMETH WA R

TT 0 A8 B 97 T AE SE AR 10 4F 5 L 7R TH N L
JERURNPE 3 AAE Ml o5 o AR 3l 5 4 VE b 50 3 B0 % 5
D7 1] 1 B e B 35 B ) DX R X B X T R 4% 24 50
~100 km” 78 [ SE A7 R AE L LAY R VE A 32 B2 1 R b
I IR A LA B B A RE S EE 2 5~ 10 g(X]
A4 %, 201D, BT HC 124 {4 Ky AR BE b E 3 3
Ag" HeJE R 74. 8 ppb(1 ppb=10"") AL T 4[5 -1
SEXIME 132 ppbo 1H M AL B A~ S0 D0 5 A b 5
DX bl X6 Eb B 5 1T X1 A 40 b 5 o X2 i A1 T
XX Ag™ fr i, WL FIRIX 20029 4 4 1

o Ag' S D s SR /ME S 28 ppb, e KA K
83.2 ppb.F-#{EJy 73 ppb, Herh IH M VAL | 5 M 3
X Ag’ &t 62~75 ppb., U 5E (EHE & T Js 5235 5t
{E.

NS I AN NG G = o v o o 0 TR |
(SPERP) ;20042009 4F- 75 KA W7 R g /K £ M
Bl 1000 km® Ji5 [, 2018 4K H bn X7 K =
2150 km®, PEAL Agl LIS 15 23 X 30 358 7= A2 AR 52
Wi, AEAREHT Agl 17. 6 kg 3t TP J58 0 B 20 B A4 3k
J¥ 2 470 ppb. i @& F H AR X # 90 ppb. X} SPERP
HI DU AF U 2 1 AR 2 B R O B 0 BT AR L B
Ag" 1 V- 34 e BE S I TAT AR 5 | Ak S TE K P 9F B
N e R Al 3 AR AN ) A 2 B B R
M (4 KBSz AT DL 20 A 11 (Williams and Denholm,
2009) ,

T 20 E 1Y 2, SR SE TR A AR AT AR S5 2R
AT A 8 A S W A # M (Hampel,
1968). [ 20 {22 60 4FAULIR W5 T Ael #f
2 VTR R A v L 5 e L AR AT X T A W A Sl )
WA B E® MM 418 (Cooper and Jolly, 19703
Howell, 1977; Tsiouris et al, 2002a;2002b; Wil-
liams and Denholm, 2009), #FMERI2EREWIR T
Al X R B H A= 3 RARE K IR A WL s W
NZEHY R W A5 T 28 0L 19 4518 (Tsiouris et al,
2002a;2002b) ,

SKEE L NE AN N TGS AR K, &+
S IR AR G R AgT S R AT R BT Agl AL
RS A X IR AR . R E AN TR
Wi KA b2s 2009 4R A4 T 324 R IR B
A BEFERIT  Agl N T34 R 55 i A AT 7 AR 0 R 5
N Z gk B f9 A B 52 Wi (Dennis, 1980; Weather
Modification Association, 2009),

2 NTIBiE Agl AL 5

[l B b — 2 [ 50 AT B AR M A B K i)
T R R 2 S Agm EATRRIN . 0 BT Agl A fb XS
MG . F) AT 1k TR E B TR AR B A
A Hy Ag I

2.1 AIBAE Agl ELHIBEK Agt 47

1968 4F il 5= KB ZR AP 35 19 N T 7 88 106 » A 0K
B R T A CHLEA e Al MR B Agl 2
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240 g, FE TR 1 K B AR b A ABURE 23 B A YR
(7). 28 D REARFE M A 15 RIS T & T 5
W HEC0. 005 pg « L4 5L B Ag' (0. 02 pg
L™ (Warburton, 1973), 1977—1978 4 ¥ Z&, ¥
LA IR W I R K 2R Agl 3 A A
LR — BT 350 84 ¢ Al X it 8
WAL 3~5 P, — DIKE = ik 3. 1~
3.7 km 7 B A i AL Agl R i AT LGk B 250 g
(Lacaux et al, 1985), 1977 4 118 P HE4E 4L X ™
IKIRE Y Ag™ WREE R 0. 009 png « L', 1978 41
A14 MK Ag WESERECEZ LN 1 1~
40 (Lacaux and Warburton, 1980),

19931994 4 4] [&] P4 PE2F £ Leon 48 A H] 10
A Sy H T AR b AR ) A AL T TN B B
BUREALAE ML CIET 8D, /NI BRI 200 g Agl, 5> i
o H RAFERL 1.5 kg, 76 34 AWM i L8 T 88
MEACREA .59 4> B IR B AR BEAS MR A 1] vh -
Ag  WRBEN 14,8 pg « L' Jm @ T AN LI F W
Ag  WBE R AL G Ag” & LAE ML 1Y 3
5 ARATBSR LB Ag ™ 15 4 1 (E (50 pg « LI
R £ (% 2;Sdanchez et al,1999) ,

2.2 AIBFE Agl ELMAFAIR Ag™ 54

1986—1991 4E7EE /R Z I A Agl I J A LB
BAE, AORY 200 T3 hm® A FERR L2 B RS2 . 14
A ] 3 S AEAE M 227 Z B A2 05 o R 47 T UCTE B 2 X
ARG 100 7K PEMIBOKAE 322 9 A2 N LB g AR
SR K1Y A W 1. T~T. 4 pg + L' fif 4
FE DX o JE U /0. 9~4.1 pg + L7' (Korneevet al,
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4 km

7 g BT R A 3 PG 2R 7 ) 3t X
TIL % R A TSR A R R
(Warburton, 1973)

Fig. 7 Aircraft seeding tracks and surface
sampling sites for Sylvan Lake storm in Canada

(Warburton, 1973)

Province of Leon

« Raingauges
A Ground generators
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(Sdnchez et al,1999; 25T X I {447 X,
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Fig. 8 The hail suppression regions in Leon of Spain
(Sanchez et al,1999; Triangles represent the location of
each generator, striped zone represents the protected area,
black dots circles represent the location of

the rain gage stations used to collect the samples)

R2 BAUTAINELRECNFEEELER
B Ag" iR B 4 % (Sanchez et al, 1999)
Table 2  Statistical values for thunderstorms
seeded and unseeded in Spain

(Sanchez et al, 1999)

A5 X e X
Ag T WRIE T (ug s L 14. 8 1.6
Agt WRERRHEZE (ug + L) 26. 22 5.1
Ag T WK ME (pg - LD 157.7 18.4
Ag WP (ug s LD 4.2 3.4
PRI A B K/ ) 9 6
A RBEAS /A 88 59

2017)  BUZFRE A DA I B B RS X Ag ™ R R 5
TORBIE XL . BIME I, % B3] Agl W 5 #%
AR AR A A 22 ) A A O L B LA B L
DAY Ag" WIEETFAREIA N2 th Agl fEALTIEERY .

2.3 ANIHE Agl A LIEMAETHIMHAR

FE A5 B ALR 1982—1994 4EFFJ& T 12 48 N 1B
BAE B T 2 A HARK A 3 A% il IX (Tsiouris
et al,2002a;2002b) . i HIN KA KFH 4> Ag” BEUE
HOTET 2 cm JEE Y 458 PN L B U B R VR O X i o
T bJ2 3 em Y R HEEURE 10 kg. 24 h #EF 5, B
50 g RIEIEAT Ag” H R M. HEARER 2507 A+
BEAS [ 3 4 F ] X IR L 85 AR FLREA .
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A X IR Agl FHHEAR > 76 20 75,10 J7 hm® [ FH [
AR 4> N 469,361 kg, H3EH Ag” SR G N

44,5 F1 37. 2 ppb. ¥ K %A B AL 52 0 7 X 35
JKAFAH 2 (32 3), Wi H] 12

®3 FHRAIHEARXBRRRMEG XA LIE Agt iRE S IR ST R (Tsiouris et al, 2002a)

Table 3 Descriptive stastics of silver concentration acquired after soil sample analysis

from the target and control areas (Tsiouris et al, 2002a)

XA/ ppb  bRHEER2E/ppb ARiEZE/ppb WRRR 0.05 BEERK KT FEAR/ A
. Hemathia-Pella 44,5 0.9 32.6 73.2 42.9~46.2 1438
H AR IX ) - ar a - .
Serres 37.2 0.5 15.6 41.9 36.3~38.1 1063
Tymavos 42.7 2.1 10. 6 28.8 38.5~46.8 25
F5 31 X Ormylia 56.7 2.0 10.9 19.1 52.8~60.6 30
Sithonia 30. 4 1.7 9.0 29.8 27.1~32.6 30

BT RAE BEA N L R TS .
2.4 Agl B =SEESH

Agl FEH R = Ja B 7 — 2 Agl B 79
BB ARG . AR Agl BT 1ERZAL T 2 LIS
IR TE AFTE . R AN B8 Agl S Bk F 1 K
AN 0.1 B 5X 10" m KRV B B i
ot aEE KRB W Agt 782 K
0.1 ng s m °, W K AVFIKEAR 10 7764, 7] LA
TUFIE, BRI Agl KA &ML Agl AUE IEHk
FEEKRBEL, HHESme s 'BHXETL 1 mges™!
B R PRBE  TERR B H N R TT 20 50 m AL Y
Ag’ W BE A RE BN O R R BIR T R K Ao vk
(Standler and Vonnegut, 1972),

AE I3 B 1 AL e 2R by ORI S R 22 FUTT R N LB
BMETE. O THES P Ag WRE. & H 4
U AR TR] 149 53 A 3k 0 4 Aol B2 /0 s UL BOATE A AR
g5 om® L HURE RS EE B HE 12 mo, A0 BT T A AL R I
uli JE 1 30 ke $ AR AP Ag MR L A5 Agl i)
W BE 128 A0 5 A R B T B AN AH G, 2% B Al ) =5
b Agl R IR AW AU R, fEdb &
ZEMIX K 6.4X10 °~8.3X10 ° pg * m °, {EFE
IRZFLM N 0.001~0.043 pg « m * X MEL TSR
R R AAVFIREE (10 pg » m ) /N LD L

JIT LA BE T 2o e A SR, — ROk U N B A

i Agl 2 Z T AN THIT S A& E N LT
SRS N T B AL S B K CBIIA R IR (R D A
FIE R AgT E RN R AE B T LR 20
R A REE O

3 FE Agl # o 4ot A mi 4l 5

3.1 HE Asl BHES T

FT 2016 AFEFN 2017 AF 42 (B AL HD A AE
LR T AN B B Agl AR, Mot i1k ik
) Agl & 0 B4R BRI 4% 20 g B & kT
20 g MAEER M 1 g AT IF5E . 2016 4R 3R [
Agl 40 ] 3Bl 4773 kg, 2017 4F K 4229 kg,
E7E 1996 4 Agl & 1 & 3000 kg (Eisler, 1996),
F AT 2016 AEFT 2017 AF 4 R [ Ak 3 45 A
AL B i Agl Ak FH . M b i A28 o ARk
KFCE 9, b1 AR 7 Agl #E 4R Y 8000 £
A s H A R TCHLAE b % . b T O R kR A
B Agl BTk T A% 50 % DA b M 3R R &7 20 %%
Ledr b Agl &S LR T 102 . 4L H Y
K F 52016 4F b 1 FF b P AR R T, R A
(9 57 % M #E 2017 4= N T34 W A4 b FH 2 0T 484
M B A N T 7 8 1 i Ak 7R FH A ] B KR 4
Agl F 5 MAE R 50 %00 1.

Fz4 2016 F£F12017 EREEEH Agl W= (B4 :kg)
Table 4 Agl seeding mass by different devices in 2016 and 2017 (unit: kg)

KRR 97 8 1 Al
AR i ) it Agl
KL - o I B P&
K K i Agl %
2016 643 87 962 364 1018 1699 4773
2017 846 37 900 358 734 1354 4229
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3.2 AgliRE
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Fig. 9 Agl seeding ratios by different devices and aims in 2016 (a) and 2017 (b)

it Agl XFFRBEIIREM 2% 8 15l 82 i 10 FR 4% 1 3
AF b B3 AR Al 52 ) TR AR A A B TR A M A

HE T AR 2 Al B FZREMUIL . f I CRET IR D HZ IR 10 km g2PARTT R AR
AR b 582 ) DX Sl R 7 I L 45 5 3t DXCAE K B E R T Giit 7 2016 AEFKIE 30 A (X DY Agl H
FeE AL A Oy B 707 TORFATREEK N Agl f9H . 3F GRS MR ICERE B di . = g Fnpie v 2 3

RS REMELE(R.HIKN Al BE

Table 5 Agl consumption of seeding provinces in China

) T AR HAE TR Agl & it BAAIREK Agt R
Ly o s J = Ael = Kk i )
B /(10" km?) 4 fE K B /mm gl 4 i/ ke /(g - km?) g e L)
P 39 1000 541 1.39 0. 00064
py )i 49 800 165 0.33 0.00019
By AR 46 400 96 0. 20 0.00023
Gyl 18 1100 103 0.57 0.00024
i 18. 6 750 68 0.37 0. 00022
[ 7Y 21 500 357 1.13 0.00104
it 14.1 50 79 0.55 0. 00508
Feiid 94 50 1441 1.47 0.01354
[ 1.7 500 88 4.59 0.00422
g 12 1000 133 1.11 0.00051
K 1.2 550 22 1.83 0.00153
baE| 15.7 400 122 0.73 0.00084
17 6 400 115 0.42 0.00048
NEarn 23.5 50 247 0.77 0.00708
fis 12.9 500 109 0.67 0.00061
W 17.2 400 60 0.26 0. 00029
LI 5.7 800 1 0.02 0. 00001
WL 8.2 1200 16 0. 20 0. 00007
L 11.9 750 22 0.18 0.00011
Piniiij 17 1400 2 0.01 0. 000002
A 16 550 148 0.70 0. 00058
T B 17 700 84 0.49 0.00032
ke 21 1200 16 0.08 0. 00003
R 8.4 1400 0.5 0.06 0. 000002
JU 20.5 1000 22 0.11 0. 00005
bioat7) 3.4 1500 12 0.35 0.00011
EUN 8.2 1000 108 1.05 0.00048
[ 10.2 50 16 0.16 0.00144
ik 14.7 30 194 1. 00 0.01532
TH 5.3 200 48 0.91 0.00208
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FRoR BB = AN (X (- 10) 5 58 4R R 40 i
L4t 290 4 FE FR A0 19 30 0 . (H PR H: X daf i AR
K HALEZ M AR Agl 52 1.47 g« km 7, Xf
Pk B S AU AR AN & R R A R g b X H iy T 3L
ST AL 1.7 X101 km?®, BT DL B 5 0 1T AR
Agl A1 & F AL 4548 (X i), 58] 4.59 g -
km™, H—H 455 &8 (K D ERKKE, ITE
PLRE7K Agm WRBEJG 45 R A AR (11D, Bk
B BT B SRR B K (H R T LR R A IX e AR
FARAG I 45 [ K it il 75 DL B A7 K A WREE N
0.01354 pg « L' MR Ib 50 547 52 mi 18 AL Agl F
A (AR B K AR B K B B RE K Agt ik
JEALA 0.00422 pg « L1, 3 LU A4 3 19 2002 4F
H1 2003 4F LR AE AL 5T R A 7K PR B8R 7K I 75 1 ik 3
HAK 1~2 A Fa g G 2 55,2006 2007 5 2008) 5
80 e R A ) A R A T A 1~ 2 A R (B
3 &F A F B B 19835 ¥ 6145 ,1989) , FEZEH
AN TR T B RRAE  X HLA TH AR S 34 TR e DX T
FRUFN 2% FRAE R K i 10 2345 4 R S Al 388 10 7 08 i
— 7 I A] RS2 1 700 A 52 il 31 1L O 80 3K 3 Tl 52
Me 0 FE A 25 2R O — T AT R RIS h ] T AR
S B K AT S XA R B B O N B 5 R AR, B
TSR i ARG R PRI e IR 0 4 [ K & B [ K
Ag WEEN 0.01532 pg « L' BRITA IR EA
(KD MR . &8 (KT ZEA S5 R W iR

5 10 2016 4F-F [ FF 5 Hh 1 i 1k 19 Agl #E
Fig. 10 Agl consumption of ground seeding for

several provinces in China in 2016
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Fig. 11 Same as Fig. 10, but for Ag"™ concentration
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MR A Agl JEMRAEH =R, Agl )iz N H]
FANTE RS

[l A0 AH G B 22 BF 5T 32 B, N T B & ARl
Ag" W BARILE T AN LW &7 AR Ag W,
(LS BR BEA TR R AR 7 R B Ag” W BEAIR
X ERBE 1R A G AR TSR AR 4LV K R Ag”
WE (50 pg « L DB 2brifE, 1 R h Ag'
A e .

P JLARFE N TR W KAk 1 Agl #§
fici 5 4000 kg HoR PR LA b T AL AR L O
M P A o K ek AR 3 T A M 52 o T B L il B T A4 £
AL R K o Ag T R DA AT IRE K Ag”
e e AR T 15 B 1 [ P 7K 3 35 5 A 9 L AN 2 X 2R
S5 7 HE AN RS 0 s B0 A IE % 2 BN 5 ma R <A
b2 Xk AR AR ER I A K Y R AU R

T SR VA A AL SR B PR R e L TR LS
9N TR S 6 M v+ 2% 4k 25 T T A AR I 7K A
AT AL A5 Y A v BE ARSI R - 3 A YR BE AR
It — B K Agl FE R HU 7 5, i 3 4
b PFAG A A K B ORI ER 358 14 5 T

2% Uk

IS0, 2004, NI T CF7D) T A A 700 X B 85 RN it B 1) 5 i)
. Rage Bl 2%.,20(4): 112-114. An H W, 2014. Impact on
the environment and human health on the using of catalyst arti-
ficial precipitation(snow)[J]. Tianjin Agric Sci,20(4):112-114
(in Chinese).

WD &F - FIEH - 1983, 1978—1980 4T i i 45w M 14 79 32X 36 X 7 7K 42
GRIGE W[ ], R % %4, 41 (4): 499-505. Chen L S,
Wang D F,1983. Silver concentration statistical analysis of rain
during rain enhancement experiment by antiaircraft guns in Hu-
nan Province from 1978 to 1980[J]. Acta Meteor Sin, 41(4):
499-505(in Chinese).

Bol M /NRG STTHR AL 2017, B BR N R R AR BT R L],
K4%,43(12) :1562-1571. Duan J,Lou X F,Lu G X,et al,2017.
International recent progress in weather modification technolo-
gies[ J]. Meteor Mon,43(12) ;1562-1571(in Chinese).

SRR ME 1991 #RBE Al TR W™ A& UK R I LT ] A% 17(3)
3-8. Feng D X, 1991. The generation of ice nucleus aerosols by

burning Agl-acetone solution[ ]J]. Meteor Mon, 17 (3): 3-8 (in



el B S NI oK T A A AR A 1k 700 X I B I35 52 i) ) BT 5 2 267

Chinese).

WER M, WRIL S PR L 45, 1995, 18 25 B Ak 4R 0 K R0 B I i ok ek i
BBFFEL)]). K424, 53(1):82-90. Feng D X,Chen R Z, Jiang
G W,et al, 1995. The high efficient Agl pyrotechnics and their
ice nucleating properties[ J]. Acta Meteor Sin, 53 (1) :82-90 (in
Chinese).

LS A L AR 2012, 2 B K P BTN 5 ) R SO 5 3 e I
[J]. 5% 5 BR B WF 58, 17 (6 951-967. Hong Y C, Lei H C,
2012. Research advance and thinking of the cloud precipitation
physics and weather modification[ J]. Climatic Environ Res, 17
(6):951-967(in Chinese).

XA B E L PR VL. %5, 2010, S T N T3 R R Ol X8 2k AR ER
S S AT L) . 22 BUR ML BE %, 39 (11) : 6582, 6593, Liu B H,
Gong ] Z,Chen B J, et al,2011. Environmental impact analysis
of the dust silver of precipitation enhancement affected areas in
Langfang City[J]. ] Anhui Agric Sci, 39(11):6582,6593 (in
Chinese).

JEREE,2013. N LSRR W B 2 AR R LT ). 2 BRI R 41
(35):13623-13625. Lu P Y,2013. On the performances of artifi-
cial precipitation impact factors[J]. ] Anhui Agric Sci,41(35):
13623-13625(in Chinese).

B4R 2006, Xk A TR KA T TR R LT ] B R
B4R 17(5) :643-646. Mao ] T,Zheng G G,2006. Discussions
on some weather modification issues[ J]. J Appl Meteor Sci, 17
(5):643-646(in Chinese).

Potapov Y T, 86 [E K, 1995, B €5 b X FRBEI5 Y i pF 52 [J 0. INPE <4
(2):12-13,35. Potapov Y 1, Zhao G Q,1995. Study on environ-
mental pollution in hail suppression region[ ]J]. Shanxi Meteor
Quart, (2):12-13,35(in Chinese).

SR 58,2005, N T F AR AL SN BREE B9S2 BT L T ARARR, ()
16. Wu D,2005. Rain enhancement seeding agent have little im-
pact on environment[ J]. Guangdong Meteor, (3) ;16 (in Chi-
nese).

B ST L ML WA L S, 1989, A A A Wl K P b XN T R T 3
B K Ag ar A Y BF ST [T ). G R4 4 4. 5 (1) 1 63-71.
Zeng G P,Zheng SZ,Hu J Y.,et al,1989. A study of the distri-
bution of the Ag"™ content in rain-water during artifical rainfall
experiment Gutian Area of Fujian Province[ J]. ] Trop Meteor,5
(1):63-71(in Chinese).

X205, 5k Z A, 85, 2006, St 6L TR W X B = K K R
i Ag T R WFIE L], K4, 32(5) :46-51. Zhao X F, Zhang Q,
Qin C X, et al,2006. Effect of aircraft precipitation enhancement
on Ag"t concentration in Miyun Reservoir[ ] ]. Meteor Mon, 32
(5):46-51(in Chinese).

B3 T Bk RS L 2008, N BT X % = K B Ag S AL Ul 4y 5
WBFFEL)]). K4 R .36(4) :468-473. Zhao X F,Zhang Q,Zhao
S Y, 2008. Influence of precipitation enhancement on Ag and
chemical composition characteristics in Miyun Reservoir[ ] ]. Me-
teor Sci Technol,36(4) :468-473(in Chinese).

B 07 DG KR L 45,2007, BULAR T & A AR IS K Agt
T2 B A pFgE 0], R4 A4, 35(1) : 111-114. Zhao X F. Zheng

G G,Zhang Q,et al,2007. Analysis of Ag"™ and chemistry com-
ponents in snow water catalyzed by ground Agl generator[]].
Meteor Sci Technol,35(1):111-114(in Chinese).

HBIE G FR 24 R 2012, N TR K SRR SR BUR B & e i 4[]
W E TR ,14(9) :20-27. Zheng G G,Guo X L,2012. Status
and development of sciences and technology for weather modifi-
cation[ J]. Eng Sci,14(9) :20-27 (in Chinese).

e N TR 0 ] ¢ B W ARG 0 A g R o T I b o AL A B
ZE 01432017, W R K i bRl - GB/T 14848 —2017[S]. dtxt:
o b o Y AL, General Administration of Quality Supervi-
sion, Inspection and Quarantine of the People’s Republic of Chi-
na,Standardization Administration of the People’s Republic of
China,2017. Standard for groundwater quality: GB/T 14848 —
2017[S]. Beijing: China Standards Press(in Chinese).

Cooper C F, Jolly W C, 1970. Ecological effects of silver iodide and
other weather modification agents: a review[ ]J]. Water Resour
Res,6(1):88-98.

Dennis A S,1980. Weather Modification by Cloud Seeding[ M. New
York,NY:Academic Press:21-22.

Eisler R, 1996. Silver hazards to fish, wildlife, and invertebrates: a
synoptic review [ R]. Laurel, MD: Patuxent Wildlife Research
Center, U. S. National Biological Service:20708.

Fisher ] M, Lytle M L, Kunkel M L, et al, 2018. Assessment of
ground-based and aerial cloud seeding using trace chemistry[J].
Adv Meteor,2018:7293987.

Freeman R A,1979. Ecological Kinetics of Silver in an Alpine Lake
Ecosystem[ M| // Marking L. L,Kimerle R A. Aquatic Toxicolo-
gy, Proceedings of the Second Annual Symposium on Aquatic
Toxicology. West Conshohocken: American Society for Testing
and Materials:342-358.

Hampel C A,1968. The Encyclopedia of the Chemical Elements[ M].
New York: Reinhold Book Corporation.

Howell W E, 1977. Environmental impacts of precipitation manage-
ment; results and inferences from Project Skywater [ ] ]. Bull
Amer Meteor Soc,58(6) :488-501.

Kharkar D P, Turekian K K, Bertine K K, 1968. Stream supply of
dissolved silver, molybdenum, antimony, selenium, chromium,
cobalt, rubidium and cesium to the oceans[ J]. Geochim Cosmo-
chim Acta,32(3):285-298.

Korneev V P, Potapov E I, Shchukin G G, 2017. Environmental as-
pects of cloud seeding[ J]. Russ Meteor Hydrol,42(7) ;477-483.

Lacaux J P, Warburton J A, 1980. The disposition of silver released
from soviet OBLAKO rockets in precipitation during the hall
suppression experiment grossversuch IV, Part | :measurements
of background and a preliminary seeding test[ J]. ] Appl Meteor, 19
(7):771-778.

Lacaux J P, Warburton J A,Fournet-Fayard J,et al,1985. The dispo-
sition of silver released from soviet OBLAKO rockets in precipi-
tation during the hail suppression experiment grossversuch IV.
Part II; case studies of seeded cells[J]. ] Climate Appl Meteor,
24(9):977-992.



268 A

% 5 46 45

Parungo F P,Robertson C E,1969. Silver analysis of seeded snow by
atomic absorption spectrophotometry[J]. J Appl Meteor,8(3):
315-321.

Sanchez J L, Dessens J,Marcos J L,et al,1999. Comparison of rain-
water silver concentrations from seeded and non-seeded days in
Leon (Spain)[J].] Wea Modif,31(1) :87-90.

Schaefer V 1,1946. The production of ice crystals in a cloud of super-
cooled water droplets[J]. Science,104(2707) ;457-459.

Standler R B, Vonnegut B, 1972. Estimated possible effects of Agl
cloud seeding on human health[J]. ] Appl Meteor,11(8) ;1388-
1391.

Stone R H, 1986. Sierra lakes chemistry study[ R]. Final Report to
Southern California Edison Co. ,Contract No. C2755903.

Stone R H, 2006. 2006 mokelumne watershed lake water and sedi-
ment survey[ R]. Final Report to the Pacific Gas and Electric
Company, Tech Ecol Services,San Ramon, Ca.

Stone R H., Smith-Miller K, Neeley P, 1995. Mokelumne watershed
lake water and sediment silver survey[ R]. Final Report to the
Pacific Gas and Electric Company. San Ramon: Technical and
Ecological Services.

Tsiouris S E, Aravanopoulos F A, Papadoyannis I N, et al,2002a. Soil
silver content of agricultural areas subjected to cloud seeding
with silver iodide[ J]. Fresenius Environ Bull,11(9):697-701.

Tsiouris S E, Aravanopoulos F A, Papadoyannis 1 N, et al, 2002b.
Soil silver mobility in areas subjected to cloud seeding with Agl
[J]. Fresenius Environ Bull,12(9) :1059-1063.

Vonnegut B, 1947, The nucleation of ice formation by silver iodide
[J7].J Appl Phys.18(7) :593-595.

Warburton J A,1973. The distribution of silver in precipitation from

two seeded Alberta hailstorms[J]. ] Appl Meteor,12(4).677-
682.

Warburton J A,Chai S K,Stone R H,et al,1996. The assessment of
snowpack enhancement by silver iodide cloud-seeding using the
physics and chemistry of the snowfall[J]. ] Wea Modif,28(1):
19-28.

Warburton J] A,Maher C T,1965. The detection of silver in rainwa-
ter:analysis of precipitation collected from cloud-seeding experi-
ments[ ] ]. ] Appl Meteor,4(5) :560-564.

Warburton J A, Young L. G,1968. Neutron activation measurements
of silver in precipitation from locations in western North Ameri-
calJ].] Appl Meteor,7(3) ;:444-448,

Warburton J A, Young L. G,Stone R H,1995. Assessment of seeding
effects in snowpack augmentation programs:ice nucleation and
scavenging of seeding aerosols[ ]J]. ] Appl Meteor, 34(1);121-
130.

Weather Modification Association,2009. Weather Modification Asso-
ciation (WMA) position statement on the environmental impact
of using silver iodide as a cloud seeding agent{ EB/OL]. WMA;
http: // countyofsb. org/uploadedFiles/pwd/Content/Water/
WaterAgency/ WMA % 20 AGI_toxicity. pdf

Williams B D,Denholm J A,2009. An assessment of the environmen-
tal toxicity of silver iodide-with reference to a cloud seeding trial
in the snowy mountains of Australia[]J]. ] Wea Modif,41(1)
75-96.

World Health Organization, 2004. Guidelines for Drinking-Water
Quality ; Recommendations[ M. 3rd ed. Geneva; World Health

Organization; 434,



