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Abstract: Graphene oxide is a graphene derivative with abundant oxygen-containing functional groups on its sur-
face. It has a two-dimensional honeycomb lattice structure similar to that of graphene, which leads to its electrical,
optical, and mechanical properties and a good biocompatibility. Graphene oxide has been widely used in many
fields, such as materials science, biomedicine, and drug delivery. Due to the increasing production and usage of gra-
phene oxide products, this chemical is substantially accumulated in air, water, and soil, which undoubtedly increases

the possibility of direct human contact. Therefore, the biosafety of graphene oxide has been brought to the public’s
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attention. By using microorganisms, terrestrial organisms, and aquatic organisms as three main categories, this paper

reviewed recent studies about the toxic effects of graphene oxide on those organisms and summarized the mecha-

nisms of the respective toxicities. Further, we compared the effects of different living environments on the toxicity

to plants and animals. This paper, hopefully, can reveal the biosafety of graphene oxide more comprehensively and

provide a reference to the safe dosage and functional application of graphene oxide.

Keywords: graphene oxide; antibacterial; biological safety

kA1 B M (graphene oxide, GO) /& FiJZ ik JiL F
DL sp® ZRACIE AEAE ) — HE b stk As 5 it B A
SBIETAEY , BULA T A 850 5 A UM
SRl PERE ; R LR T & A & B3 AU E R
W, IR SRR AE SR 13 GO B TR
R H RS MO0 R RE M d i A5 HAE KR
REFAANEA PG F T BA R A0 o3 woR e v ok
IKHERMAYIAEE M . BT GO Mg 2 RFiE,
H T C gt i A 7 91z b H TR it e B A
AR A D5 T U AR AE W R 2 7 T, GO &
TERUR JEIEIRTT RN2 4k e v 48 5 1) 45 404l B
FWFFERGTE  ABRFAEL F FH 5 GO ATkt b
M A ZS R KB IR A BRI AE R AN
AR E T e, NI FRAAZ ) T, 51 &
TRARX GO A= 2 ()RR ) e FE G, AR SCER
R TR LA GO HT i Ve LA B 22 4 Pk i it o
&, B AT e s A Wi ek o GO AU
M RERTE S,

1 GO Hy# B 8 3% ( Antibacterial research of
GO)
1.1 GO Byt

UTARSR , Ko R W, GO X 40 1 | H 1 A1
B EA BRI ORIk 1 PR,

H R 1 Al A, GO X 3 Fis A= P 1) B 1 52 i ok
F, AR BB d R, LA W B AROME

{BAE F L5 R, GO X B Fh Y A K 3 R H
RAFMGE E/E R, Ruiz " E IRTF 2011 A UEBH,
GO AIVE R AHTE R 0 B 42 A o AR K 3 FE A
AN A= P, Varela 2506 GO 44K Tk 44T i
JEIE AT , GO 55 T B V& T L0 (CFU) [ 3
B, Hui Z509% 91 200 pg-mL™ 9 GO 7F LB ¥ 3
b5 RBBAFEEM 3 h 5, 458 4755 Rk
97.95% , SEHUESE, GO AI LLiE i R 4 W [ LB
BRI 1 A IS B LR R A LY, ik
EAYRE R GO 5 REULE KPR RE T

1.2 GO BT pL

GO WP B = ZRIAE 5 A1 .(1)GO
J2 b AR R A BE S 2 A B B R el R
1 Bt o 200 A 20 de f i L P 7140 ot 22
SZBH, AT 2 L ik = B SR BT AT L (2)GO S F]
V14 370 5% A M DR 200 0SS R o o J . o T ™ A 2
S50, B 2 BB IR 40 DA B L B 25 R RN T R 1) e
SEAUFET-" L (3)GO 1] L i R i A AL H
REAAET), B RY) Bpk AL, B R 20 P 2
BCECARAET- T (@) R N, Rk R e
B, T W48 29 O KPR
RHEE T, GO NRETE L B A, BT D) R B 58 4 1k
N7 OGS R I B P B TR SR BT T (5) R vk B (>3 000
mg-L™)GO i ] i o 2 2% 20 B 4N AR 1Y) B 13 1A
TS 225 - s A4t e A A1 DT 5 S50 4 T 40 e P A
TEPERE AR

T X GO FrEEHLER 5, AT HobT i
BV D A 22 EH N GO ByHies B HLHE
FERAG T R 1) 2 450 R BT AT I B R
i B LT Y GO 78 5 15 1 A 41 B T 5 8 B i R 25
A R RS BT BN BRI & 3 T IR B 4
FRBEIR

A, GO WL Pk W Phse ik 5 H R A
Ko KISF GO W %5 5 B 55 7% 4N T 4 i 2 1o, A
R 1 240 RS 19 2 i v 3, Ee g RS/ GO 1l
PR A

2 GO HIBEEAE Y S W 5 ( Terrestrial biological
toxicity of GO)
2.1 GO BBl A AP REMERON B ST
2.1.1 GO XA AEY i REE

GO BYHE 23 % BR85 b (A8 ) 7 A — 28 5
AT BN, HIESBHRE GO iz, Br LMK B 1Y
GO XHHYEE M2 A B W 9, (H A — 220 BH S 1 47
TERY 13Erh GO IR & 5 2 7 ARk G w3k,
AT 552 M A 40 1) 2 T e Y BE 1Y GO 2 Rt
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Table 1 Toxicity of graphene oxide (GO) to bacteria, fungi, and viruses
e AR R B REMERON 275 ik
Classification Subject organism Exposure dose Toxic effects Reference
MHRIE <100 pg-mL~ B, GO XF G~ H MHLH G T
KIGFFHE(E. coh) . o »
(G G- bacteria GV 5 T4 Mk 355 200 wg-mL ™' I, GO X G # G*
" G bacteria e NUUNNITN
. ) 34 TR O
LR JHFT (P, acruginosa) )
When the concentration of GO was less than 100 pg -
(G"H G~ bacteria) <100 pg-mL™! - L o ) B ) 4]
. mL™", the antimicrobial activity of GO against G~ bacteria
G R R ER T , _ _
was higher than G* bacteria, and when the concentration
(Staphyloccocus aureus)
. . reached 200 pg-mL™', GO showed higher antimicrobial
il (G" I G™ bacteria)
activity against G~ bacteria and G™ bacteria.
Bacteria
BE GO e JE£ 38 T, S0 S A1 AP T A= 8 4 o £
HEm , EL GO X8 R {2 5 0 1 F) 32 2 5 i 2 I e A A Y
S ) "
(Pseudomonas putida
. . 50 wg-mL™! The inhibition of GO on the growth of Pseudomonas putida [7]
(Trevisan) Migula)
n increased with the increase of GO concentration, and the
(G" W G~ bacteria) . .
main effect of GO on Pseudomonas putida was the loss of
membrane integrity.
GO X EL 1A B9 75 7k B oA A K, 2 GO W s T
1 000 mg-L~" A, of B Br 728 6 i g o 1% 1 o 0 S R 4
p , s A4t
LA A B ) - ,
o . 1 000 mg-L™! The toxicity of GO to fungi was dose-dependent. When the [8]
(Pichia pastoris)
concentration of GO was higher than 1 000 mg-L™', the
main toxicity to Pichia pastoris was membrane damage and
s
ol oxidative damage.
Fungus
) ok B R I A A € RS B RV E R S 6
- JEHE R (LCso )i N 352,704 mg-L~!
PR P B I - -
. 0 ~600 wg-mL™! Cell proliferation was significantly inhibited, and a few cells 9]
(Saccharomyces cerevisiae) ) )
deformed and contracted. The median lethal concentration
(LCs,) value was 352.704 mg-L™".
FETAT MRS 7 7
T (PEDV) GO RN e 1 5
) . o 200 pg-mL™! ) o o [10]
Viruses Porcine epidemic diarrhea Virus proliferation can be inhibited by GO.

virus (PEDV)

FRAEA YIRS , 2D 25 i0E AAH PR 9 1 FLABR AL
LAY T8 S K A SRR SRR b, 4n
22 PR,
2.1.2 GO XFFfi A=Al 9 0 B AL il

GO XML () B EMLEES5 LU 6 A7
()ZEAR R 35 (2) 38 A 8 77 A 9 93 3 00 A 0 7= 1 B
P (3)GO A 4 Z A1 (W AH BAEFE , 51k 5 G gk
A=y at AR DG A 00 25 5L 5 (4) FE A AR K o
B BEAT TR A X R A ) W S R R (5)

R GO W EE T RE S M AR PN BE R K,
AT AR ARS B 5% 40 A 17 A48 - 3 S50 200 i ol &4 A A
T 5(6)GO il ¥ 7K Ak 0 (197) 2 bk g 4] 26 3 1 22
ZEWE) RN 2 SE IR (151 n 45 2 R A I 2 R ) AR, AR AN
0 I 5 7 R R R AR ) LA B =
2.2 GO MBS TN oY
2.2.1 GO XfhfiE: sh# it

GO — HikE A By Py 2 Bl 2 10 38 3t 38 1) 5 {4
IS RAE , AR BAL AT GO AYSURFL I A R Y



(Oryza sativa)

activities of superoxide dismutase (SOD) and peroxidase (POD) in Oryza sativa
roots were also significantly increased, and the hormones in roots were also signif-

icantly increased.
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Table 2 Toxicity of GO to terrestrial plants
ZARAY) P B BEMERON 275 ik
Subject organism Exposure dose Toxic effects Reference
FUE R GO MHURI T AR TE R, (AR 75 5 $ 40L g I i AR B i, Ot
FRAEAR AR A REANAE | A By He 0] 28 I 45 HC Al 07 5 52 380 R PR 35 10 3
25 SR AE I AR K
IR I - o . [19]
10 ~1 000 g-L™! Apparently, GO had no effect on the growth of Arabidopsis thaliana, but it was
(Arabidopsis thaliana) . . . . . o
easily absorbed by the root hairs of Arabidopsis thaliana, deposited in parenchyma
cells of the root, and not easily transported to other parts such as stems and leaves.
The growth of plants is affected by GO under the stress of unique environment.
INFZ 10 gL GO EHMRLEM T I 5218 MARFHERR [20-21]
(Triticum aestivum) Ve GO accumulates mainly in roots and is slowly removed from roots.
KEEHAET , GO FH AR R M (H L85 5T, R B 7
20T GO SR Z AR H i il wE R I
Bk 0-20 X Under hydroponic conditions, GO mainly accumulated in the roots of Armrhe- 221
~20 g-L™
(Arrhenatherum elatius) & natherum elatius, but under soil culture conditions, the barrier effect of soil would
reduce the contact between GO and roots, and the toxicity would be greatly re-
duced.
- HELA I B0 RIS AR AR 1 5 sl A e A8 P 78 194 ] DLRE AR A
) M AE T 5 e BE RO RS I
(Brassica oleracea) . .
LT H 500 ~2 000 mg-L™! The number and size of plant leaves decreased in a dose-dependent manner, the 23]
) ) visible symptoms of cell necrotic lesions and cell death increased in a concentra-
(Lycopersicon esculentuin) .
tion-dependent manner.
XK B R R ARSI, K R AR 2R it S L B L T 8 AL W B AL Tl
(SOD)Filiz A AL W i (POD)IE AL i 5 49 I, HLAR T ma 84 Rt B i 3
IKFE It has an adverse effect on the seedling height and root length of Oryza sativa, the
50 mg-kg™! [24]

N2 3 Frow , B LA JLAR AT T8 o sl g ep e A=

3 P2 IO PR L, 52 MR 200 L 015 53 B,

B R RV 2R S5 45 K R GE W R B A5 R 1Al GO
(1 S B S L
2.2.2 GO XfFfitE sh¥ i s AL

GO XF s R ERLHI T LA LATR 2 4S5 Tk
BIEA MM K S R E, GO X 3h 4 i 7 P HL I
BEENLLIT 3 5 (DT 55 . GO AT LA MOBLZ i fik
U 2 1 R, S BCFLIE AR 4
TAMEFET Q)AL - 3X 2 #FE GO S 1 8h Y
FEMEHR R T S BEAE Y (3)GO B /K X 38
HECIF) Mg i 38 =2 181 F 5 43 IORH B FHEY . oK
-1, GO s e PEMLEI AT BE IR 5 8 (1 i . RNA
FAEY R T EAERA G, BARME LG L
KUAF S (D) SRR A8 A Z R B IEEA,

FEHYIRERIEH AR (2)GO B 73 1ol ] 17 gt
FEPTE e 7R 2R 1 i 4 5 R (APC) i R 3k (I
LR 0 TE R R AR R E IR A AR
AIIIRES s G)IE I GO-V WG I 6 W) , W IR V4 1 i
AP RS (@) TR IR N 1 5% S 2 5 (5)
1 1) 2 T A R A 0 R O U7 IR 5 N i D R 1Y)
il

Wb A SRR /N JRIR FRmiE BT Ak
SR, W R R s AR A 02 ) R T B
AEY e R E R, e, R RST Y GO
H/NRGH ) GO 2 1 3 K™ GO 44K 7 (GONRS;
310 nmx5 000 nm) Lt GO 44>k i (GONPS; 100 nmx
100 nm) [ FE B R



51 RMERN A - R A AT ERIR T S W VW i i 113
R3 GO XMBEEMHIFN
Table 3 Toxicity of GO to terrestrial animals
PIES ZARAY) T o 0 REPERLL 275 3Lk
Classification Subject organism Exposure dose Toxic effects Reference
7N U (Mus muscu-
LRV ES lus liver) | Al 1 J GO T 51 A a4k, Ho2x by B AR fe w3 iy B4
Respiratory M fg(Human lung ade- 10 g-L™! GO can cause changes in lung function, and there will be a phenom- [26-27]
system nocarcinoma epithelial enon of “low promotion, high inhibition”
cells)
R GO XS MEMESIY Y A B R g B W R Sl i Bk
R4 AR, LR B RRAIG, TR X Pk PR A R 58, A
INBUR I BT 4 200 g WFFEF N LT- B 500 5 (0 A5 W 50 57 X K 7 A3 I A2 i
N (Mouse embryonic fi- HIFE M
AFHARGE o ) . o . .
. broblasts) , ifi L 11 High GO concentration has significant toxicity to the reproductive
Reproductive ) i 05 g-L™! ) ) [28-31]
(Female mice during system of female animals, and will pass through the mother to the
system
Y lactation) , 4 4h K T offspring. The lower the degree of oxidation, the greater the toxicity.
(Sperm in vitro) For the male reproductive system, some researchers believe that it
has little effect, but some studies show that it has a low concentration
promoting and high concentration suppressing effect on sperm.
Wi 25 4D B I (Skin simula- GO X BE IR I REPE AT I ARSI ; 255 RS 1 JBE L S AR MR 252
BYE RO .
tion) , ffi M - S 41 g b EE AT
Sensory 009 g-L! [32-33]
(Cornea epithelial cells, The toxicity of GO to skin is time-dependent; it can cause morpho-
system
Y CECs) logical changes and even apoptosis of corneal epithelial cells.
> LA i (Cardiomyo- VU AR ST AR MR BEAIR T 25 g -mL ™" i, GO X T ¥k 2 24 ffd
TEIRRG cyte) JAUASME I T BAT RAFI AR 7
Circulatory WREL I (Primary hu-  (652.1+12) mg-L™!  The viability of cardiac myocytes was decreased, and GO had good [34-35]
system man peripheral blood T biocompatibility with T lymphocyte when the concentration of GO
lymphocyte) was lower than 25pg-mL™",
e W R 1 f A0 v A A ) R AT R
. hf 200 mg-kg™! There are many degenerative changes in intestinal cells of Chinensis [36]
(Chinensis gryllulus)
gryllulus.
MRS
Digestive GO FEFZ AT LUE 1L 4 1] DAF-16 7652 & 2 15 538 # P (1 3R 3k %)
system _ \ 2R R A S8 ST R TI AE 7 A B AR
75 W B AT 2k S . o
. 100 mg-L™! GO exposure can inhibit the expression of DAF-16 in insulin signa- [37]
(Caenorhabditis elegans) ) ) ) )
ling pathway, which may have toxic effects on the longevity, motor
behavior and intestinal function of Caenorhabditis elegans.
R M JFRAL AT BRI (e GO) 25 Wi K Bl T BT 200 ML R i 19 12 20
BRI N
N K HeF A
Nervous . 100 pg-mL™! . .. (38]
(Rattus norvegicus) Reduced graphene oxide (rGO) can affect the activity of Rattus nor-
system

vegicus astrocytes and cerebral endothelial cells.
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B E GO X 2 175 1 9 At 1V T ML ] 73 A 1
i, ATRES GO MRIA B HAT 5 1S BRI, K
VAL W R SR AT O BT TE LS BT S h gt — 2D
HEW

3 GO HyKEXEYE W R ( Aquatic biological
toxicity of GO)
3.1 GO WK AAEHRE RN AT ST
3.1.1 GO XKAAEY T

GO Wy K& 5 47, S BOLTE & 1z 5
et RN AL sk A rh AR ) 9 v 5 e it 2 A= 1Y
(]I, AN T sl G R TS R K b X 7K A A s i
KAFIFZNR 252 B KA A SR G, K LAl
AR s TR 4

3.1.2 GO Xf/KAFEY Y BEPEHLH]

GO XK FEY I EEHEDLSI T L ()AL,
FEIX — 5 SR A A R AL L (2) GO AN 2 AR
IK ARy ) i B AR 27 S P T R B, 3
B REACR R S ME R R, g R
a/b W LA, N2 e GG VR L (3)GO i 2 X 7K A
00 V14 B O 285 ) R ol 235 4 s 1 06, 7 S 4 e
AN S 1) 4 5 DA B v e 2 T A AL 19 T ™ (4)
GO fiEWs W& F I RS A IE T 1F R 2k E i i
JZ R T 200 v i 0 R R A S A v 4 4
B3, I T 826 0 AR KRR A EFIPY(5)GO K
R LK AERPRES B R — R E Y,
EL AR %ot 5 7 0 I P R AR P, AR o 3 — LA
TAIRAMGE L (6)GO AI LA B e 2 b (i R B 3R R

R4 GO XkEEWHFY

Table 4 Toxicity of GO to aquatic plants

ZIEY ey 51k BEPERL 275 3CHk
Subject organism Exposure dose Toxic effects Reference
A AL s 72 h-ECy: 1304 mg-L-' 1 GO WREEIK 100 mg- L™ i, it i S 20 L1 11 3145 B I, et 623240
(Dunaliella salina) TFZ WA BACEAZ B, SFECS EBEAG = NRE GO R IRE B
TR 7K IR 72 h-ECyy: 79.10 mg-L-! T A0 2 1 RS
(Nannochloris oculata) When GO concentration reached 100 mg-L™", exceeding the self-regulating 6]
REA A ability of algae cells, photosynthetic pigment molecular damage or anabolism
) 72 h-ECyy: 2563 mg-L™" o ; .
(Scenedesmus obliquus) is blocked, resulting in reduced content. High and low concentration GO ex-
R Bk posure could significantly increase the protein and total lipid content of algae
(Nannochloris oculata) 72 h-ECy): 4844 mg-L™! cells.
T R A K R R TR B (MDA) 5 B R B AL B k5 S
o A= BRI
R 5 . o . .
(P. tenuifolia) 96 h-ECs,: 3.76 mg-L Inhibiting the growth of P. fenuifolia, increasing the content of malondialde- [47]
hyde (MDA) and the activity of antioxidant enzymes. It also inhibits the light
use of protozoa.
X R BRI E AR R A2 35 3% F 26.1% , TEEEHIHI T % ¢
PIA(P<0.05 ) IR BE 1Y GO X AFHT AL B JE I i 5
pEbe . The inhibition rates of leaf number and wet weight of duckweed were about
(Lemna minor) 10 mg-L 35.3% and 26.1% respectively, which significantly inhibited the growth of sl
Lemna minor (P<0.05); low concentration of GO had no significant effect on
the antioxidant enzymes of Lemna minor.
GO FIRZMR A E B AV, e S R Sk 1Y GO m R
o~ FEELN ML RE RO, B0 R LB K
GO can affect the photosynthesis of white moss Leucobryum glaucum and se-
(white moss 0.04 ~4 mg-mL"™' [49]

Leucobryum glaucum)

riously inhibit the growth of dry weight. High GO concentration can cause
cell wall damage and micropore formation on the leaf surface of white moss

Leucobryum glaucum.

T : ECsy /R FHOINIKE

Note: ECs, is concentration for 50% of maximal effect.
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(NP Mg Fll Ca), T F-EUE TR Y FEB . Fi b,
FREAEREY AL, GO X 7K A= FE 4 25 o B AR A
I G ATRE S TR (1) GO 22 1k Wl & 14
PEANMER 1 BRI EIR F  5 3 RE SRR S 4N A P B K A
BUIE B IR E G A ARG,
3.2 GO Wy/KAE Wy ae e pF T
3.2.1 GO XfKAsh¥ 2k

9T AT T % GO XK IRA B RS TR AE G

FLLJUF A IGE T GO XK A= sh ¥ iy 25

PE R AL T RS
3.2.2 GO XK BB PEALE]

GO XK AL s ) AL 5 6T i A= s i)
PP AR AR R A, GO 9K Fr 5| ke I S A P
BEAFIZEFL , A6 I 200 0 11 5 5 R A 7 Tt A 20 76
H I GO, DT 385 5 A3 477, L 5 P 2 3% 7 IR
ROSY/- A, AT 8 SR 1k
AN 2E S AR R B OR ], 33 GO Xk A
Y TE AL A v] BB T AL 3% 2E , T RE K

£5 GO XKkEHWHFNY

Table 5 Toxicity of GO to aquatic animals

AW TP B BEMERU EZ PN
Subject organism Exposure dose Toxic effects Reference
GO ¥R 48 h 2 PERETER) LCy, J 842 mg-L™' 24 GO WK JZiAF] 1 mg- L~}
FEHS I 5 TR BT AY Sk i 1 A2 I 8] 30 R S S 035 B0 i 85 77 R A
-k
JeRE FHEER
(Daphnia magna) 1~842 mg-L"™ The acute toxicity of GO to Daphnia magna for 48 hours was 842 mg-L™". When GO [52]
concentration reached 1 mg-L™", the first birth time of Daphnia magna was signifi-
cantly delayed, and the number of babies, the highest number of babies per single fetus
and the total number of babies were inhibited.
GO B FE S FRKF AR 1S VLR 58 2 S 800 AR S Ut 30 Btk
. . GO e i 2 B Wy PR L 240 M0 2 ek i 484
S IESLEEE - , X ,
. i X 125 mg-L™! GO exposure can reduce the feeding rate of water fleas, and chronic exposure can lead [53]
(Ceriodaphnia dubia)
to a significant reduction in the number of newborns. Non-lethal GO concentration can
increase erythropoiesis in organisms.
GO #l g SR EIBOF S TR IAE T, I B 72 HAd 2 | S BOHC R 21152 3 vk 400
L 4 AR
(F 48h-ECyy: 0.16 mg-mL"! A, BAT — R4 IR GO 3 A 1 B MR s P ) B
(Halogenated GO is ingested by halogenated shrimp and concentrated in the intestines, and adheres [54]
. 48 h-LCsy: 0.65 mg-mL™! . Lo - . P
shrimp) to its body surface, causing its swimming to be concentration-dependently inhibited. In
addition, GO causes changes in the enzymatic activity of halogenated shrimp.
A, T A I ) S 2 B 2 R IR (P<0 .01 s &y L 1) /> 1 . ol 9] £ 1y 384
- FATR ; GO B2 76 F1 2 1 2l BRI, o 41 AR R O A 7T 38 g 463 4%
@ ) 400,600 mg-L™! The hatching rate of encapsulation and decapsulation cysts decreased significantly (P< [55]
rawn
0.01); the dry weight of larvae decreased with the increase of dosage; GO attached to
the surface of cysts and larvae caused irreversible damage to the surface of larvae.
AL EN B 0 f SRR 5 SR G0 2o JF I R 3 e 2L 240, A0 30 2 40 g
) A AU AL, A0 NHEFRA B, 28 2253 ik T 200 M0 A i
o 1~100 pg-L7! No obvious acute toxicity was observed. However, tissue analysis of the liver and in- [56-57]
(Danio rerio)
testine revealed that many cells had vacuole formation, loose cell arrangement, tissue
decomposition and disintegration of cell boundaries.
K BAT B BRI NE KX GO BRI/ R Lo HCA e 40 Kb A R
=R »i‘ubb 5 X e Atf—:'—f‘ﬁ
Sk 72 h-ECyy: 443 mg-L-! EA YL GO, X il REA B T B GO 7K 2 iyl o A2 Tk
Daphnia magna has high hydrophilicity, and its uptake/release rate of GO is faster than [57-58]

(Daphnia magna) 72 h-LCy: 454 mg-L™'

that of other carbon nanomaterials. It is easier to purify GO, which may help to explain

the non-severe toxicity of GO to Daphnia magna.
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A BRI GO LA 7™ A 14 43 W P (GOBS ) it 1% 114
S GHIESE R, B 43 A A A R ) 48 K Al O
SRR 10 nm, B JE N 195 ~282 nm, K
st GO 9K AR(GONSY/IN, £ FLH e GONS H# £
F14) 65 3 1T FEL ff AR AR ) SR AR (B 5 £ B2 3L
T T R £ R i 8 (AR B R A7 58 2K, 53K
BT R £ B A0T

4 RZ5REE (Summary and prospect)

Zx LR, GO BE W8 A 04 il 4H 7 | LT A
5, I H GO Wi B P M 7E 22 1 3 5 A 2805 S
BH RN JEAR R il R B & SR M B
2z B A 2 U AR O, BRI 2= < i GO KZ
OGO NI R — R PR AR A, i 5 MR
M4 8 4R B AR SO B2 A NN = AR R Y
Bk, RIS R 5 R AT TE fa e A 2
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