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WAL, BRSNS, BAAEYHENLT 10 000r/min T A4 BB, 3™ H, — 1K
THRITELBRWEHENE, 5 —GBRAEEEE, A S0ml 28 F/K, T HBEER S
EL.EHREOhLFTESEEFBEERYT, BRI K, SBGRERERATH LTE
0 E
1.3 BiIcEAPFELIN

BFEASITRAN EFENURREH . B PR R (B R F B F RERE B
R BE), G H R R, Hp Ge IF W 28 & PCA-11-8000 % i 4 £ {X (32 H Telenc /
Nucleus 2 )4 =), PCA II/NAAZHTREF B+ B R FRERFH B R4, Wl S Fast
MBEARLKHEED, BEHENEZNEBNEHRRAEAME S F IR 5ERIL
ER EBRRERGFRIG, Al Hp Ge 3k, PCA-T1-8000% i 4+ #T 248 R S BT H AL
HEKM ML E S RERWE, &5 KA PCA-TI/NAA vy 51 7.
2 ZR5ie
21 BRPHBLITENSR

HTHRAFRGESH T CENBERENETERN. FREVNGELARF &
X, [ — s SFI[E — B R R B (R 1), FTAF R B A £ T K & La. Sm. Ce. Fu. Nd. Lu. Sc.
Yb 8 F, MMIEER (KR DAMUERL, KYRBEEER I cENWREREE, B35 %8R
AEYHH T CESBHE. BREFOR I CESEAT BN & (R3)., Hit, %
TRESEEBETHENEATZRY, LR SHHEENERE AL, L0EY
XER LT ESAKRBERYZ 0,

R2ERFHETTUEY, AAR Lo RN RREL, BEMH e X EBEE
B HRBRER, XTREFERRTH L OREBKPHKEAR. TR LT
EEBKHRERK, A ERMBIEE R BERESF TR EBEESTHEE
B UGS M ER T L ENBREEAM T LR TIMERE, BB TR R, &
RBEFEEAIFAS T EENSEEREEMWELCER, SRHRBEEASHET
RIAEEAE A, LB R ALH M A it — R

F1 BRFEMNHENSSTFELS

Tab.] Seaweed sample collection and dry weight ratio

R & i ] BE HKEE
5 % 2 R RN \ F/ig
(%.8.80) () (g/cm’)
RI#L 3 (Codium fragile) HHKRFH 1996.03.26 7.5 1.026 0 0.12
LA (Uhva persa) B KTA 1996.03.26 7.5 1.026 0 0.13
TERE (Enteromorpha sp.) HH KTV A 1996.03.26 7.5 1.026 0 0.11
RE¥ (Sargassum thunbergii) HEHKRFH 1996.03.26 7.5 1.026 0 0.16
1L (Gracilaria sp.) HEKFMA 1996.03.26 75 1.026 0 0.16
BEF (Sargassum kjellmanianum) B/ KFH 1996.03.26 7.5 1.026 0 0.17
W B ¥ (Dicnvota sp.) HH KT 1996.03.26 7.5 1.026 0 0.13

B (Laminaria japonica) HRHS 1996.03.14 — — 0.24
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®2 BBEPHITENSR (mgkg. %)
Tab.2 Contents (mg/kg, FW) of rare earth elements in seaweed samples
jirE: TR La Sm Ce Eu Lu Sc Yb BE
FlH 36 1752 02440 2820 00396 00180 1380  0.4488 00528 67552
LAz 1.872 0.2158 3.666 0.0533 00156 1.378 02145 00468  7.4620
38 0.22 0.0319 0311 00066 00022  0.180 00803 00066 08393
HUE ND” ND 1134 00112 ND 0.1680 00208 13344
g 0360 00416 0412  0.006 4 ND 0.0624 00096 08928
BET 0.399 0.040 8 0.826 0.0102 ND 0.1207  0.0255 14229
PR 0.085 0.0156 0.123 0.002 6 ND 0.0325  0.0052 02632
% ND ND 0.345 00024 ND 0.043 2 ND 03912
1) NDARWA S
£ —BAKFHHLIIE (ngke)
Tab.3 Contents (mg/kg) of rare earth elements in common food
Z P} HmLeH E3 FoH wmiae
(R S iz hla 0.05—0.83 RBEI 0.05—0.17
il 0.14—1.37 #HM R 0.36—0.45
INE lIF:S 1.77—3.15 LN RiE 0.05—0.16
BRiT 0.34—1.59 THSE KT b 12.77
*E 0.34—1.97 %1 e 1.20—3.27
AL 0.47—1.71 vk E-c| 15.47
EXk el A 0.05—0.17

22 WEITENUERSSH

RAFTAABERFTBEITREERSVEINER. RIBR25R48R,HEHK
BRI TENLE (R S). HRSTH, BEHH L TERT KK HEBIE 30%—80% Z
B, ATHKIWFEARFEEHF MBI TR BRREAFEHBER, BHFE LI TE
ATHER LRI M Sy SR B M e A A

F4 KEPEHBRABPATERNRLITENS R (ng/ke, E3H)

Tab.4 Contents (mg/kg, FW) of rare earth elements in seaweed samples after water leaching

jic3: E273 La Sm Ce Eu Lu Nd Sc Yb
LAY 0.429 0 0.058 8 1.8420 0.023 4 0.009 6 0.780 0 0.136 8 0.036 0
A% 0.614 6 0.065 8 1.008 0 0.0182 0.004 2 0.3395 0078 4 0.016 1
BHE 0.056 4 0.008 4 0.151 6 0.002 0 ND ND 0.0336 ND
HE% ND ND 0.268 0 0.006 0 ND ND 0.0350 ND
il 1 0.176 0 0.0242 0.206 8 0.003 3 ND ND 0.036 3 0.005 5
BRT 0.1056 0.0192 0.209 6 0.004 0 ND ND 0.0352 0.006 4
S § 0.0255 0.0040 0.053 5 0.0010 ND ND 0.0150 0.001 5
i ND ND ND ND ND ND ND ND




561

TRV B

NEE HEFR T

}T_\]Z

5 #

)

BRM LT RAILE B (%

®&S kBN

Tab.5 Water solubility ratio of rare earth elements in seaweed samples (
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FE T DL A i =, IR SR, 5 R B (REESE, 1995). AL 27 B4R
B RARWEEY, BT EUBRGEERFE, ARV ERBRARIY, SEETENMET
EMHEYAERKEE. EEALRTERA. BREBEERAE AR, MBHAIEY ™
BEZREFEEL; MMAREYRBERES, BMmEFRRK, BORREESL BB EEK,
REERERRERS. FENEHREPNEZSHEFHENRL, BEWHIRETE
SEhEJLMEERIRS I, I FHER, AR XS, XERrtEERKEHER
FYER (Meeting 1990; Zhang et al, 1991; Blunden er al, 1986). H¥EFHMBTE
—EEHANEEERKEREERANERE FZ—, M+ o0 KRB 588 K L RE.
MR LR BT, BRBEAEHH L T ENE RERART 2,
33 BREBLITENBEESTFEHORW

P EME I TRER W E R 2w, 5 08 L 508 A0 A AR 8 0008 5
H, LRI T (REES, 1995, XEH I TEREEHAKRE, ik, BLoEx
BEESFAANEWHZHEM. SEENSHTERA BN EESR, B KPH LT
ENEEERAATZU, BAEXWARLEBRETAFTRE. BERH, BAFH L TENRK
FEFEBEIZE 0.000 5—0.003mg/ L2 8] (Spaargaren et al, 1984). {EEREMRLE R EH,
BERABLITENEEERTHUE, HAREEFRESBEARN TERREPES
HEEM. A BREAGEENHR L CEOER I TERAMANERER. B¥E+HHF
EMEEZHEABINBESEBRE TS, B KFLEBECENAR, B FH L TE
MmETAREL N, FTEBEX, THESEFEEXE, TERH. &6 . BE£HR LT
RGN SYLERAFE—FTR.
34 BERIAEMNARLEERERRNOXME

BEEBREEMTRYRIRE SEFSAFENEER WP MR MEBLR.T
E,ERAESERVEERY. BESANEERS B AERKAEEE, i, 5%
TRANEZHEUEERAAEHEE FRELBNEYIEE. BEPESHRKME,
YLAN B . PLE B . B 9 T8 1 4 (Baker, 1984; Beren 1993), HIES S A M Z M LT
EEBSIEAMNWER. ATFHR L oEIARKEER N, LTRER L TEEERNER
FRFEAMFEER RN ERE REES. 1995 U I tEEBBRANEENRBE,
UEB T T EERERNGENESHERETHERNEEY.
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DETERMINATION OF RARE EARTH ELEMENTS IN SEAWEEDS

YAN Xiao—jun, FAN Xiao, HOU Xiaolin'
(Institute of Oceanology, The Chinese Academy of Sciences, Qingdao, 266071)
YUnstitte of High Energy Physics, The Chinese Acadenn of Sciences, Beijing, 100080)

Abstract The study of the content and composition of rare carth elements in seaweed is very
important for the investigation of the biogeochemistry of the ocean, and the application of seaweed
in human health or agricultural fields. Eight species of seaweeds were collected in Qingdao coastal
area in 1996, and the content of rare earth elements, including La, Sm, Ce, Eu, Lu, Nd, Sc, Yb,
were determined by instrumental neutron activation analysis as follows: the samples were sealed in
polyethylene capsules and sent into the irradiation channel of a miniature neutron source reactor. The
irradiated samples were measured with a high purity germanium detector coupled with a PC multi—
channel analysis system. The element contents were calculated by the relative comparative method.
Contents (mg/kg fresh weight) of La, Sm, Ce, Eu, Lu, Nd, Sc, Yb were 1.752, 0.244, 2.82, 0.039,
0.018, 1.38, 0.448, 0.052 in Codium fragile; 1.872, 0.215, 3.666, 0.053, 0.015, 1.378, 0.214, 0.046
in Ulva pertusa; 0.22, 0.031, 0.311, 0.006, 0.002, 0.18, 0.08, 0.006 in Enteromorpha sp.; ND, ND,
1.134, 0.011, ND, ND, 0.168. 0.02 in Sargassum thunbergii; 0.36, 0.041, 0.412, 0.006, ND, ND,
0.062, 0.009 in Gracilaria sp.; 0.399, 0.04, 0.826, 0.01, ND, ND, 0.12, 0.025 in Sargassum
igellmanianum; 0.085, 0.015, 0.123, 0.002, ND, ND, 0.032, 0.005 in Dictyota sp.; ND, ND, 0.345,
0.002, ND, ND, 0.043, ND, 0.391 in Laminaria japonica. The results showed that marine algae can
accumulate rare earth elements by the order as Ulva > Codium > Sargassum > Gracilaria >
Laminaria > Dictrota(0.27—7.5mg / kg fresh algal matenal). Part of all rare earth elements can be
extracted easily by water, the solubility was ranged from 51% to 75% for La, 41% to 75% for Sm,
34% to 74% for Ce, 40% to 69% for Eu, 46% to 73% for Lu, 43% to 75 for Nd, 41% to 79%
for Sc, and 31% to 74% for Yb. It implied that rare earth existed in marine algae mainly as
soluble chloride salt and insoluble phosphate salt. The significance of the determination of rare earth
elements related to seaweed liquid concentrate and ecological equilibrium was discussed.
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