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Table 1, The content of trace elements in Chlorophyceae on the China coast
KB E AR | b Rmes | mmnm | Den| S ATEREER G
) s A R S22 Ti|V [Ma| cu |Ag Ni
Hnjmﬁ(sfro)dﬂ:imtﬁ.agﬂe%%iﬂsﬁa 1959— 1—13| 45.77 140 160|<41{<46| 58 | — <23
R Sucrofgﬁiot’mgik‘*‘%ﬁ%ﬁ% 1958—10—28] 57.70 | 200 55|<52| 62| 41| — |<28
llf:fa‘g(’l‘:’l’ga’:’l")’ﬁ”x‘gp""umﬁﬁira “hoss— 6 | 25092 | 300f 360/<23 <26 510 |<12]<13
' A ¥ Ulpa lactuca Linn.[# B AR 1958—10—28| * 40.67 110] 39|<36] 59 <3| — |<20
(RN B”;_"ﬂ’:;’;‘-”y?"""d‘"%f—s,ﬁmgg' 1958—10—28 46.23 | 190 200/<41| 8% 6| 31/<20
AR Halimeda Mo g gL B AT |1958— 55, 8251 5,280] 79| 15| — | 850 | — |<a1
j‘"*ﬁ‘l‘fﬁ%}’gfgfs‘f; O\ B AN B (1957 — 5 77.03 (8,200 — | —'| — [5,480 [<37| 42

A = Species of Chlorobhyceae;
B = Locality of collection;

C = Date of collection;
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D = Ash (% on the basis of oven-dried seaweed);
E = Content in oven-dried seaweed.
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OC = Ash (% on the basis of oven- dned seaweed).
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Table 2. The content of trace elements in Rhodophyceae on the Cluna coast
: _ |DJR%% E. TS DEIi(ng/ke)
AlF B AR B. SREBWA |'C. RERW | GIET
: ) Sr | T1 v Mn Cu | Ag [ Ni
B Gelidium amonsifag o mpyge  [1951—10—29 10.02 | 130] 44 | < 9| 220 | 18] — <50
AR ﬁ-ar:{ivarimmm T 1953 24.04 | 960] 52 | <21| 130, 8|<11(<12
& Gracilaria verucosa|-. .. —
(Huds.) Papenf. e B BT 1954— 2 29.68 | — 75 | <26 220 | < 2{<14{<15
T F Gracilaria verncosa| .. . — 6— . —
B o pa segeoslrgpyp & (1956— 620 16.91 | 86| 310 | <15 150 | 22 - <9
RiL#E G~].ti;c:rii (Surdle g . |19586—11—10] 39.27 | 78| 74| 35| 45 5|<19|<20
HRBE Gloiopeliis.furcata (P. s o _
st T WEFNE  [1954— 4—15 26.26‘ — |<25 | <24| <27 5| — |<13
BLBIES Euchenma sp.  |pSEB i mug|1958— 5—200 .42.09 | 800 — | <38 — | 210/<20/<21
FPAE Ceratodictyon spon- . e ) _
e ey on PO i sy (1958— 5—23| 38.57 | 365 110 | <35| <39 | 170 — |<19
BRNEE Grateloupia filicinala, o mping 10— o _
(Wulf.) C. Ag. R EME 1958—10—30| 33.68 30 32 41 <16
& & Hypnes japomicape pyigy  11955—12 19.20 | 2000 9] <17| 46| sol< o< 9
=R ALEE Ceraminm kondoi ‘ s _ ‘ _
o 3 1951— 5 16.51 | 86| 88| 22| 170 | 46 <8
ERiBZR Caloglossa leprieuri|-r: gy yar s _ ’
v {Mont.) ]. Ag i TR 1955 ;2 63.20 | 610{1,900] < 6] 500 12,360(<C30[ 38
WA Corallina officinalisi gy 1953—10— 8 82.00 | 830] 390 | 150] 100 | < 7|<39|<41
Explanations are the same as shown in Table 1.
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a8 %‘FF& TE R BT B A, PSS RN 3 I 1 BT
R3 ALEPRETRSBOBHELGEL/AF) 7001 2/ ke
Table 3. Seasonal variations in the content of trace
lements in. Gelidi nsii Lamx. (mg/kg) Sr, 6001
ARG B R 4 CWJ\ \ 1\1i 500
. b . g - . n 1
BiH W& (%Hé@ Sr (Ti| V Mn'Cu Ag‘ Ni Cu
_ _| ) __ i 400140
1958— 9—22|% B Fmie| 22.70| 670)340<20[520] 2 |<11|<11 w0l
1958—10—6 (¥ B FrMEL| 26.88| 240200[<24/380/41 | — <76
1958—10—28}35-£ P Ek| 27. 48] 1201320{<25[500] 6 [<13|<13 200720
1958—12—1 355 ik 20.63| 82) 90{<18| 60| 2 | — [<12 foot10
1958—12—26[ B St MEk| 19.57 64 85|<17}120] 3 |< 9|< 9 .
.. . 9 10 11 12 1 2 A
1950— 1—12[ B FUME4| 19.77| 2400190/ <18[190] 5 |< 9|< 9 — 9% 1959 —
A = Date of collection; Bl RS RS
B = Locallty of collection; Fig.1. showing the seasonal’ variations in

the content of trace elements in Gelidinm

amansii Lamx.’
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Explanations are the same as shown in Table 1.
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Table 4. The content of trace el ts in Ph hyceae on the China coast
. D. 7
5,\0,? E. JOF M S & (me/ke)
AL HE B & R B. SReElhE | C.REHM Gl
%@5 Sc } Ti | V .Mnl Cu | Ag | Ni
W W Laminaria japonice|  see gk |1958— 9—13 22.95 | 240} — |<21 |< 23 2| — |<ll

il Laminaria japonica|  wp ek [1958—10—28) 30.67 | 340 70 |<27 |< 3U< 2 (<14 [<15
¥ Hi Laminaria japonic)  p % |1958— 3—23 28.19 | 340 120 |<25 | 42<K 2 <14 |<14
W Laminaria joponica|  yg T [1957— 5—25 29.08 | 800 28 |<26 |< 30| 3| — |<14
43 #f Laminaria japonica . s : ' . _

Aresch. (D HHIIME | [1949— 50 45 23.32 1,460 75 |<21 | 230 3 <12

*ERHEAS Undaria pinnatifida s -

(Hnrv) Sur. (#TH5): i L |1957— 7— 6 35.74 1,060 34 [<30| 42<3| — |<18
FEWAS Undaria pinnaiifida - . 25 | _
Ciiar) Sue. GaFet) B L [1957— 7— 6/ 28.36 | 600|,27 |<25 |< 28 6| — |<14

M Chorda filum @ wmairs  [1958— 8— 2| 41.93 | 770] 200 |<38 | 78< 3| 27 |<20

*PEMZR  Pelvetia  siliquosa .
Tseng et C. F. Chang WRES™  |1952 4 g 33.70 [1,600] 97 (<30 | 42 170 |<16 |<16
‘ R A7 Ecklonia kurome| g 4r los3— 6— 1| 30.15 | 750 29 [<26 |< 30 3| — |<I5
\3 M .
B  Endarachne bing- s . y _
hamine ). Ag. B L |1953— 9—28(35.70 | 940 34 |<32 (< 40] 3| — <17
ik gty g ; -
¥ #l Scytosiphon lomen .
rartar (LY. Ag. FEEMNE  |1959— 2— 5| 51.67 | 900|-200 [<46 (<500, 4 |<25 [<26

P "

MR TE ol T Cystophyllum N -

racspirosim. Yendo REUNFE  [1958—12 29.66 [1,800] 98 |<26 | 45| 35 |<14 [<15
Bint WERIR Sargassum sili- N ’ ’ ;
s (Tute ). Ag. jcg@J\'zPE, 1958—12 24.28 11,150 110 <22 | S50| 260 |<11 |<12

R YIEN 7 3 , .

*”‘&’E’%S;\Z”‘””’y""’” Iof BB EISe [1955— 2—23| 31.54 2,600 32 {<28 |< 32] 300 |<15 |<16
1 Fa3 o ’

. gﬂﬂ%féﬁmf‘-t. polyporum|  emime  [1954—12—25] 30.21 [2,800] 89 |<27 | 220] 150 |<14 |<15
WER S.é:le‘it(gltlm (Tuen) wmgesem  [1956— 1— 3{30.65 3,200 81 ]<27 | 49 93 |<14 |<15
WR TS kicllmanianum | e gome llos6— 5—12] 29.18 [1,3501<28 |<26 | 42| 5| — |<14
RE#H Sothunbergit (Mert) by ey mmmr mlios7— 4— 2] 22.00 | 840] 58 <20 | s0l< 2 |<11 |<11
SRR S. thunbergii (Mert. - ol 5 ' ‘
BRBH S phurbeorgiiMert) | g g [1954— 629 26.82 | 770/<26 <24 | 120 6| — |<13
R Sargassum sp. W T Y pE [1958— 1—21 26.87 |1,600<26 |24 |< 27{< 2 [ — (<13
HBERM Sargassum sp. NG AT [1955—12—28] 38.96 |1,800| 180 |35 | 170 375 <19 |<20
BRI Sergassum sp. %R BB Sk s 1955—12—29] 30.19 (1,300 200 <27 | 140] 590 {<14 |<15
WEE Sargassum sp. I M B [1955— 3— 7| 32.96 [2,500] 47 |<30 | 110/ 190 |<16 [<16

*CRE Sargassum sp. TORERME 11955— 5—11] 37.75 |1,970) 160 |<34 | 240) 630 | 20 |<19
R Sargassum sp. ERIESE [1956— 3— 5 47.36 [2,000] 160 |<43 | 140, 200 | — |<24
WEHE Sargassum sp. Rk A |1958— 5—19] 32.24 [1,160] 120 <29 | 39/ 230 | — |<16
KRB Sargassum sp. WS MEA [1958— 5—23( 39.34 [2,100; 140 (<35 | 180/ 370 | — |<20 -
BB Sargassum sp. Yl EARL {1958— 6—19] 31.02 1’480|- 128 |<28 |< 32| 370 |<15 |<16
BRH Sargassum sp. FEWEE & LE 11958— 3 44.78 1,8§Oi 431110 |< ‘45i 530 [ — [<22

2]

These data in Tables 4 and 5 had been published in “Kexue tongbao” (Sxenna) in 1959™! in term
of salss, i.e. Sr(NOy)s, TiOz, VaOs, MnOs, CuO, NiO and AgCl not in atoms; in these tables they
are expressed in atoms.
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Table 5. Séasonnl variations in the content of trace elements in Sargassum
pallidum (Turn) C. Ag (mg/kg) ~

A MR Bﬁéﬁit{nﬁ (%ggi?) st | Ti v Mn Cu Ag Ni

1954— 5—17 | FakEs | 35.25¢| 2,200 .160.| <20 60 20 | — | <17

Cel954— 616 | WEAZE | 28.02 2,400 | 110 | <25 64 270 | <14 | <14
§1954— 7— 8 | HEAEE | 22.61 | 2,200 43 | <20 | <23 37 | <i1| <11

1954- 9—15 | FRARE 24,15 | 2,900 |- 42 <23 <25 370 | <11 <12
‘1954—-11—11 FakES N 31.23 4,100 | 100 <28 <32 300 | 15| <16
1955— 9428 | HEBAES | - 26.71 2,500 | 54 <24’ 28 250 — | <13
*1955—:3— 8 | FHEAES | 27.92 | 2,600 “e2 | <25 <28 | 400 | <14 <14
1955 5— 9 | WRAER 30.61 -] 1,700 {, 59 |. <27- | <3l 300 | <14 | <15

¢

L. 19ss—6—8 | mBAER| 2043 | 1,200] 110 | <26 a7 110 | — | <14
Toh 1955 7—27 | #BkEE | 25.64 | 2,200 43. ] <23 <26 150+ | <12 | <13
©1955— 811 | WEAFEE | 28.19 | 2,500 . 66| =25 | <28 65 | <14 | <14

1955—.9— 5 | FHkikS | 31.66 | 3,100 53 | <29 | <32 430 | <15 <16

1955—10— 4 | WEKES | 34.21 | 2,000 . 58 | <31 <35 330 | <17 | <17
C¥1955012— 2 | FEKEE | 37.27 | 4,000 © 120 34 43 83 | <17 ! <18
1956— 1— 3 | FFRAHKE | 30.65 | 3,200 81 | <27 49 93 | <14 | <15

'Ex;}iana‘tion’s are the same as shown in Ti;bl,e 3.
* See Table 4.°
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: Fig.’ 2. showmg the seasonal varlatmns in the content of trace elements in
© Sargassum pallzdum (Turn.) C. Ag.
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- Table 6. The ratios éf some trace elements in- Sarg pallidurn to those in sea water
5 o om
A | BB W EE R | B BRRIERR | b o om s
. | C. BR/AFTMTER | D 8BR/AFEE
Sr ' E 1,200.—4,000 200—700 , 10223 20— 70
Ti 43— 160 - 727 . 0.008r) 900—3,000
v R 34 6 - | 0.003mm 2,000
Mn ’ 40 7 0.01 a1 . 700
Cu’ 65— 430 , 11— 70 0.025t41 400—3,000
A = Trace cleme,n;s; - ‘ D = mg per kg'éf fresh seaweed;
+ B = Contents in Sargassum pallidum; E = Contents in sea water(mg/kg);
C=mg per kg of oven-dried seaweed; F == Ratios.

B TR K LT AR K H5.20—3,000 5, Sr BARIRAEREECA 20—70, (BB
SRR WRIRS TR WPVE SIS I B R T R T8 SIURheon
TE IR, 11 25 X198 F IR A IR R IR BT NaCl 2EHR B34 7 4 M5 40 4RAKER , (ELBTIR4E
nhllfz’izkﬂfﬁ” & i, Fﬁ@@%ﬂﬁlﬁmﬂﬁﬁ%ﬂém&ﬁ%ﬁaxﬂ%

R HE B0 R HELegil (4B RIET) ER M E KN, Wtk AR ik
IR ERER, BERXRSWEMEHRR SN (BIE RS s RAPHEAET),
TERTELE ; 55k, 254 RE 5 FASE BB RELERAN, B2 B rh S A B T AR 519, - F it e o

BIRHRET AW RT B A —B TN, ‘ .
| W, % . 5 ‘
f8 UCIT-22 ﬂ7ﬁaa%%&%%%?£ﬂ¢@ﬁ e HE TR 7 6 (5 Fh) #&iE. 134

(12 FOATIE T 30 29153 (Fd 20 BB 1350, B4 10 B R4BHE) PHAIKILTER
HEATT 221, $ERE Sty VL Ti, Cu, Mn, Ni il Ag T Ao
BIE T AL AR FIS R IEE TP E TR S B NETT T,
N f;l%ﬁ{ﬁﬁj%ﬁﬁ#.‘?ﬁ%:}’-¢)§fé‘fﬁ§7ﬁ$ﬁ@7ﬁf{jﬁ"ﬁﬁﬁ;fﬁﬁéﬁﬂgmﬁﬁ, ElsEA )
DAMRAE Sr 20—70 %, Ti 900—3,000 £, V 2,000 £5, Mn 700 £%, Cu 400—3,000 £%,
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STUDIES ON THE TRACE ELEMENTS IN SEAWEEDS

M. H. Jr anp Y. X. ZHA/NG

(Institute of Oceanology, Academia Sinica)

tABSTRAC’I_‘)

7 samples (5 species) of Chlorophyceae, 13 samples (12 species) of -Rhodophyceae
and 30 samples of Phaeophyceae (14 sp. and 10 samples determined to the genus only),
- collected on the China coast, were spectrographically analyzed by using HCIT1-22 type

Quartz Spectrograph.” The results show that Na, Mg, Ca, Fe, Si, K, Al, Ba, B, Be, Ti,
V, St, Ag, Ni, Zn, Co, Cr, Li, Mn and Cu were found in practically. all the samples
analyzed and in few samples Sn, Pb, and Cd were also found. In all the samples, the
trace elements Sr, Ti, V, Cu, Mn, Ni and Ag were quantitatively analyzed.

It has been found. that in Chlorophyceae Sr, Ti and Cu are generally moré abundant,
then Mn, and finally V; Ag and Ni occur in small amounts. It has attracted our at-
tention that Halimeda macroloba, a common tropical seaweed in the South Sea region,
contains a cons1derably high amount of Sr and Cu, reaching 8,200 and 5, 500 mg/kg res-
pectively. (Table 1).

In Rhodophyceae, Gelidium divaricatum, Euc/zeuma sp., Caloglossa lepriurii and a
common calcareous speci€s, Corallina officinalis accumulated comparatively more Sr than
the others, being 610—960 mg/kg. It is sutprising to found in Caloglossa lepliurii large
amounts of Ti and Cu, reaching 1,900 and 2,360 mg/kg respectively (Table 2). Seasonal
variation studies of the trace elements in Gelidium armansii showed that all elements
determined give high values in autumn i.e. in Sept. and Oct., and low values in winter
ie. in Dec. (Table 3 and Fig. 1). :

In Phaeophyceae, the Sargassums are generally rich in Sr and Cu (Table4). Al-
though the seasonal variation of trace eclements in Sargassum pallidum was in general
rather irregular, in the case of the Sr content, however, there was some tendency to be
somewhat higher in winter, i.e. from Nov. to Jan., and lower in summer (Table 5 and
Fig. 2). *The ratios of the trace elements concentration in Sargassum  pallidum  (fresh
weight) to t.hose in sea water were also investigated, and it was found that Sr in the
Sargassum was 20—70 times, Ti 900 times, V 2,000 times, Mn 700 times and Cu 400—
3,000 times more than those in sea water (Table 6).



