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REE, TERNE, AB#tEIESRE LU
AKEANMZETBRIBOREICOWVWT

A Rk ey - B B -mE &

BB RFEWEEER, BRET 724
19944 4 A25H 34

B B BEE LEAE BAFELESERsI kBT, Kb REBESR
(Urea), BHBHKEFR (DON) & & OBHEERESRE DIN) BEOMELT » . REORE
VI B 0. 08-3. 32 (FI50. 67) ug atNe-!, {LHME-T0.00-5.01 (E#50.85) ug atNe-!, 1§
BYEECI0. 15-2.50 (F390.91) ug atNe~1Ch » foo KEINENKRRFEOBERM MO 3 18
B EBEETh ot (0.23-3.15 ug atNe~1), F5fE 149 ug atNL~! X 3HEHBObO LY bF
FRE L, BRENTRECHBED 1 2L LTHESLORANE L bht, bz, KB
@ DON (GF# 41.6 pg atNe~1) 35 L ¢ DIN (3 30.7 ug atNe-Y) BE b cB ohicfit by
HREICE D - foo KEJENKILEBEKICHETHMNAIC Urea X v b DIN OB E-Z &
Mo, KB DR (REBRR) CEETH W77 b oBBiH LT Urea L8 3
DIN DARMOFNRELBEEE 2 COBEHMERL, £/, ZoWRCHELLITEY
Urea/DON (%) 25.7-12.9%C, BEEEBEHEK D5 Urea OBE&FIIKS, K
ELREVCED TR A -1, RS, LHMAE, RpEILEMES S & OKEIc T 5 Urea
OFFRTHEC, L —BOEMEROAAEI -7, L L6, BB Urea 4334.2
-89.4%, DON 2377.2-103.7%, DIN 7350.2-75.3%C, Urea ®EEDIX 6> MO EOSE
TR TLFLERECE D DI Tkl d o fo, KBS, LHAER L A ERERO
£ Urea/DIN (%)1334.4-42.8%CH Y, MBMEHE SV T—REECFIA SN 28R
(DIN+Urea) ® 5%, FHLTT.2-8. 4 %BRER LBL0THS 5 LHH SRz,

Fg— KUK, UK, R¥E, BHEEREHE BHEEETHRER

R Emiliania huxleyi 7s EO—BOMERE, —BRIEY 7T 0 P OBBORHOBHEREL LT
FIF2h % (CARPENTER ef al, 1972), BN 2V CBAMY 7T v 7 b VR L 2 2 EEROMY A H
EMAER T, REGEEEDON1-60% (FH28%) #HHTky (McCarTHY, 1972), REI HEY
Py P oDBREEL L TEETHH I L8005,

WAREORBIIEY 79 o7 b itk BB Y iAA (CARPENTER ef al, 1972; McCARTHY, 1972; EPPLEY
et al, 1973), BB T Vv E= T BEE~OSH (REMSEN ef al,, 1972) 12 X » CTHA L, @EDHYOPE
(EPPLEY ef al., 1973) H A\ I EEWOS8 (Taca, 1972) L~ Tt 5, %7z, W0 - BER T
S L0 BMOBE2ZT 5 (REMSEN ef al., 1972), ok 5, WKFOREOER - HHOL8
M TAHY, BRARNED, BRATHLYERSILAGEEDR TS (NEWELL, 1967; BERMAN,
1974),

oo TRk, BB, TLHEPANE, BSIESEEs L KBS TIIE L RBEEEORETM
RL, TR OOMRMOE - EFEARERCHEFERBERC D RFEOEEL EIL>VLTERT 5,
Ft, BRICKTIEEPELZ Y TS 7 b rO—REFEERE R D ETORFEOBEERIOV-TH
* B AR ad, KA EARET 530
SESHE  BBERER A REERYA, BERIREE 723
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F A
Vil &

IR B R EBESEIECEMN TR 2, BESS X Ot ERoB/N £ - 12 (Fig.
1o IREE TIREBRE, &8 il € 5 B4 (Stns. HO-1~5) 23, 198845, 6 Am 2@,
IRBERONETHBILHBERNIC 4 BiE (Stns. E-15, E-8, E-5, E-13) #3)F, 1991424, 5, 6,
7,10, 11, 121, 1992461, 3 A0 9EOEHMET -k, LEAEXBEAC L BB AET 55,
BrEsm o nIEE SN T, ToBRERAEV D EBbhs, i, KBEAOSRALITERA
BEHO4EZBUEA VL2 50T, ZoE0P TR thEhEesd <R 5, BEFEHCR SR C
P O BT R~EH M 17BN 2 200 (Stns. SN-1~17), 19864E113, 19874£128 % & (r19884:9 H o>
SEOBMETT »72. T, LEH A SKENTHBICES TS, 6 EE 2T (Stns. OR-5, 6, 7,
9, 138, 16), 198641, 4, 6, 8, 12A®5EDBEMEFT 12,

IRBEBTE, 0, 5, 10, 203 L UWBIE L0555k 2m (T TEE W) o5 B ok a i
o1 Teti L, {LHEMEROBRMA S L OO0 KEOBRGERATE 20m 2R 4B E L, BT,
0.5m RILUWBELlIHZ ik 2m (Fikic NER] L85 o 3B» SR L, KEMCKERIET
THHE 1 ~4 B0 6HEK LI,

FHRKEHOH LOBLKFIC L V450°C T 2B LI /5 277 4 =T 4 L& — (Whatman GF/C)
TES|IABL, A E—20°CTHBERA L, R, REBEEE UT Urea LMR) SLUBRHFELEER

Ohta River
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Fig. 1. Location of sampling stations. Enlarged maps show the sampling stations in Suo Nada, Etauchi
Bay and the Ohta River.
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(LUF DTN &BED o4 dTicBure, Urea i3 NEWELL ef al. (1967) U7 £ FNE /4 F L AEEHY
BUKcHEE sk - B8k, 1972), BHEELSFIMESME (KOROLEFR, 1983) kCER LI, %/, H
UBUK 2BV CoH# Lz NH-N (Sasaki and Sawapa, 1980), NO,—N-+NO;—N (B AHfESES, 1979)
OSHE FETERELEE (LUT DIN EmgiE) &L, DTN 256 DIN 22 L5107 b o 2 EHFEAHE
# (LAUF DON &BERe) & Lis,

IEBES Stn. HO-4 kL UskEeo Stn. OR-16 Tid, ZBEREEOBRBETLERE LN, 12
B AEZ R ORARM oD T, ZOZ &2 TEHEBIRER Ly,

f& R

EBE BB Cix Urea O 0.08-3.32 ug atNo-! (F#y 0.67 ug atNe™1) Td » 7 (Table 1),
19884E 5 Bicit Stn. HO-3 @ Om THEBEMERE Lico 7, Lug atNe—! 28 x 5 HBiEiRE o,
Stn. HO-3 @ 10m, Stn. HO-4 @ O0m &EMF$skf Stn. HO-5 @ O0m TH &R, 198846 Bk
Stn. HO-1 @ Om THE 144 ug atNE—! 2R L, @D S OHEARB I his,

DON #881x 0.47-48.1 ug atNe—! (P 13.8 ug atNe~1) ¢, Urea/DON (%) 125F#12.9% (0.6-85.5

Table 1. Urea, DON (dissolved organic nitrogen) and DIN (dissolved inorganic nitrogen) concentra-
tions observed in Hiroshima Bay, Etauchi Bay, Suo Nada and the Ohta River. Unit; ug at
No-1, CV, coefficient of variation (%); n, sample number.

Urea DON DIN
Location RangefAvg) CV n  Rage(Avg) CV 10 Range(Avg) CV o Urea/DON (%)  Urea/DIN (%)
Hiroshima Bay® 0.08-3.3200.60 8.1 40 0.47-48.103.8) 77.2 B 0.37-6.40(1.89) 7TL4 39 0.6-85.5{12.9)  4.5-148 (42.8)
Etauchi Bay* 0.00-5.01(0.85) 89.4 140 L7-15703.8) 1037 140 0.00-10.2(2.08 721 M0 0.0-79.3(6.7)  0.0-242 (34.4)
Suo Nada*® 0.15-2.5000.91) 50.5 105  2.57-106014.2)  93.9 105 O0.38-25.03.73) 7.3 105 0.7-38.8(8.6)  4.5-218 31.9)
The Chta River* 0.23-3.15(1.49) 342 95 0.00-221(41.6) 832 7 L60-78.8(30.7) 50.2 95 0.4-80.4(5.7% 1L0-56.9(7.5)

*; May and June 1988.

*2; Apr., May, June, July, Oct., Nov. and Dec 1991, and Jan. and Mar. 1992,
®;Nov. 1986, Dec, 1987 and Sept. 1988.

*; Jan., Apr., June, Aug. and Dec. 1986.

*;excluded a DON datum of zero concentration.

100+

DON
10~

13 VD/D\D—"'ﬂMa

Urea and DON cone. (ug atN 1 ™)

A;'Jr M'ay J'unedluly Oct Nov Dec Jan Mar
1991 1992
Date
Fig. 2. Seasonal variations of urea and DON in Etauchi Bay. Average of 16 samples (4
layers X 4 stations).
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%) “C, SEPEELLS BT LGN -7 (Table 1), DIN ¥ 0.37-6.40 ug atNe~! (FF#y 1.89 ug at
Ng-1) ¢, DON {ZH_T I HifEd -1, E£7z, Urea/DIN (%) 131F#542.8% (4.5-148%) T, “hdé
BOWEECIHBELE»»72, Urea OBRE o RIcETEH VDI Tikievwo T (Table 1),
Urea/DON (%) & Urea/DIN (%)5@\~Z &1k DON & DIN o@ESMEI - LiTiebh 3,
STEAE  LHEAE TR Urea oREFEMMIMEME UC0.00 GRAEBRALIT) —5.01 g atNe—! o
THEE) L1z (Table 1), 6 AICEHIE (Stn. E-13) OERB CREEE &R ULDAMIAE 2Tz
(Fig. 2), = OFH{Hix 0.85 ug atNe~! T#H » 12, DON EEE L 1.71-157 ug atNL~! (SE#y 23.8 pg atNg-1)
T, BRI IERIC K Eh -7 (FERERE CV=103.7%) (Table 1, Fig. 2), Urea/DON (%)11F#6.7%

(0.0-79.3%) ¢RTRDORBBIZILB LN Ehv» 7o (Table 1), ¥/, DIN BEL 0.00-10.2 ug atNg—?
(FHy 2.08 ug atNe-1) ¢, DON ok ~T 1 H{E<, Urea/DIN (%) 1%0.0-242% (F134.4%) &3k
601,

BHROIRBEOF — 2 i _CLERE CRCEOE A A E O, 427 ) v FHRBE Ty

il (5, 68) kRoh oL T, BHECIAE b Twab & Bbh 30 CRALEX
TEipwny, DON B\ C, ThZhoPHEOBICGERERER 2 - (p=0.05),
Jesliyip: ] FAB#ECi Urea X 0.15-2.50 ug atNg-! ofillCE I h, HEHE L2 ZI/PEN T
(CV=50.5%) (Table 1), £, FOFHHEIE 0.91 ug atNe~! -C, o 2 fHIC A~ TE M o1, 727 L,
THMEEEERRELAD » 10, 2pg atNO-! 2z 5 LHEIRE O, 19884 9 A, Stn. SN-10
DOFEME Stn. SN-13 @ 5m ¥ L KR CEll 2h, Urea 0MBAEBICIZEEIIR OG- 1,

B> DON B 2.57-106 ug atNL-! (B 14.2 ug atNe-1) ¢, Urea/DON (%) 1% F1#8. 6%

(0.7-38.8%) & M9/ X7 (Table 1), DIN X 0.38-25.0 ug atNe-1 (1 3.73 ug atNg-1)
T, SEOBMOMR D s\ TR BE, ILHAB L V&b -7 (Table 1), %7, Urea/DIN (%) i34.5-218
% (F#37.9%) Th -1
AR AHENCE ERic Urea OEEREIE 0.23-3.15 ug atNe~! T, R THLALER I BER
THhotohy, FHEk 149 ug atNe! CLEBO 3RO LD L Y S EEIE» -7 (p=0.05, Table 1),
DON # (0.00-221 ug atNe~!, Fty 41.6 ug atNL~1) 3 k¢ DIN BE (1.60-78.8ug atNe—1, i
30.7 ug atNe™) ¥ CH LN L D S EFEE,» - (p=0.05), Urea/DON (%) (0.4-80.4%,
#95.7%) 3L % Urea/DIN (%) (1.0-56.9%, Fi57.5%) {30 L0 L v /B2 s, KB
JaKebrCla#gRkepiz e~ Urea OBE B - 7oLl ki DON & DIN oRBENREr - EEL B,

% ®

KEJHFN Ko Urea OEE (CFH 149 ug atNe-Y) 3B CH O Y b FEREICEH -2 EM b,
g w5 Urea OEHATHO 1 o2& LCEB) SDOMANE R Gh 5, SEIOI986% 1 Ao kE)I=, FH
F1LA o BB o SR T, EoM1EVIE Y Urea BEAEVGEIE,AR R (Figs, 3a, 3b), Hicin
WTEMARPER LIS i, O L ERBELTV B, B (1976,1977) 45, chiTHESATH
BEEXERKBRICHT ARFEOBREILOVGTEEDTVBEDT, ThE—H5IMA LT Table 2 RLI,
Zh 6o Urea DIRESEB T &, ABEESTHIDRSHE LR ¥, KD B GIEABBATO L EL
EBLRAFTCEGERN S 22 2 5, REMSEN ef al (1972) 37 A YH P — 7 M Savannah Jii,
Wilmington JIf, Ogeechee JDf[jllZkedre> Urea OBEEF~, WHRAOIELH L, ABWBYRI AR
W& Ebh S Savannah JIITC Urea @RENMELE -2 & 2R L, 6L LT 5 Savannah JI|o
R 7.22 ug atNL™! CHHOT, SEE L E LIcKBNOME D SHHEEE.

KENFNAKS Urea OREZEBEEOZR LD bEw2Y, Urea/DIN (%) 23EFIh3 v & (F
#7.5%), TihebbilbkdicgEns DIN OBENEGZ 06, KENOE (KEBRE) AR
THMM T vy b OB LT Urea X0 b DIN OfWOIr A& @ s L T 5 LHRAIX
N5,

Urea HEIKECTHBVEALFLEBOADZ &5, TORBRXANIKKE X BMALTTRL,
WARPREOBEBE »H2EE26N 5, WAEBRE TR, AAFEEE TRPH 28ug atNg-!
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Fig. 3. Relationship between urea concentration and salinity in the surface water.
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Table 2. Urea concentrations observed in natural waters (revised Sato, 1977).

Urea conc. (ug atNe™)  Urea/DON(%) Urea/DIN(%) References
Location & depth Range(Avg) o

The English Channel, 10 m <0.07- 3.1 (0.53) 60 NEwELL (1967)

Off California, coastal water 0.54- 1.00 McCarTHY (1970)

Off Peru, O m 0.00- 0.67 (0.28) 16 ditto

Off Peru, euphotic layer 0.00- 2.54 (0.39) 45 ditl

0Off California and Peru, deep water 0.00 0.000 4 ditte

Panama-Peru, shelf water, 0 m 0.54- 5.00 (2.36) 38 21 19-31  REMSEN (1971)

0ff Peru, nonupwelling region 0.93-3.07 (1.83) 8 ditt

Off Peru, upwelling region L7700 (3.46) 16 ditfo

The Cape Cod-the Cape May, shelf water, 0 m 0.20-1.20 (L29) 29 3.3-6.3 77-131  dith

Bay of La Jolla, U.S. A. 0.00- 0.90 (0.20) 170 MCCARTHY and KAMYKOWSKY
(1972)

The Savannah River, Georgia, U. S. A, L1-17.78 (1.92) 18 REMSEN ¢f of, (1972)

The Wilmington River, Georgia, U. S. A 2.00- 3.82 (2.9 4 ditl

‘The Ogeechee River, Georgia, U. S. A. 2.50-0.78 (3.48) 5 ditle

River mouth of the Savannah and the Wilmington 1.30- 6.32 3.00) 8 ditto

Off South California, euphotic layer 0.00- 0.59 (0.24) 36 McCarTHY (1972)

The North Pacific Subtropical Central Gyre 0.00- 0.35 (0.16) 18 EppLEY of al. (1973)

Mikawa Bay, Japan, 0-10m 13-59 2.8 10 1.2-40.4 (19.7) MITAMURA and SATO (1975)

Mikawa Bay, Japan, euphotic layer 0.0 -14.2 (LAU-1.30) 0.0-57.7 Tanaka and OHNUMA (1985)

River mouth of the Ohta River, Japan 0.23-15.38 (2.01-2.64)  2-30 (15.3) TAKIMOTO ef al. (1983)

Lake Kinneret, Israel 0.0 -10.7 BERMAN (1974)

The Oyashio Water 0.31- .65 (0.7%) ™ Sato (1977)

The Central Bering Sea 0.21- 1.65 (0.67) 133 ditto

The Bering Sea, shelf water 0.38- 1.61 (0.81) 61 ditlo

The Northern North Pacific Ocean 0.32- 1.67 (0.60) 114 ditte

Bay of Alaska, euphotic fayer 0.43- 1.99 (0.9 36 ditlo
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(MITAMURA and SAJO, 1975) & A\ ik 1.24-1.37 ug atNe~1 (MR & FRIZTHLTh 2 BIE0FHE | M

Sk, 1985) R EEEG, bbAA, SEHEOL S RERBL LARE TR, BE»SEEANSIRD
Urea $,%Ch s 5H, BL» AN Ih 3 SEEFRYNT OB T2 7 TR L5 0BEZT TEK
215 Urea OEbEV-EBbhd (Taca, 1972), A S (1983) AI9814EIEERA 1 H, KB T
B CRIE Ui fliig 0.23-15.38 ug atNg—! (FF# 2.01-2.64 ug atNe-!, ERR&TRIxELZ N2 B
) ©, 4EEREEENRPOME b EL A, NEEEORGCLHIOTELHCHEIZTER .

B & AT SR BELRIEE Y H B\ LR CERREIE LIl 'S 7 b o SRPE - BREO
BERKEL, A2 F V7 OSMEST B EEL NS, [LHAB CRAEC DR » TRIE LIERICE T,
Urea i 6 ANER CRAMER Lz, X6k, IHRBEOKRED b, KBOFHERR 0.87 ug atNe?
Ch-To0iR L, EEOEHEE 1.14ug atNE-! EbFhifEhots (LKL, HENEEEEL,-
1) ZHO6OT & BERB THEWOSEIESL, Urea 2ERTATHA5 LVHHNEIRTI DL
BN b, LALc, SEMESNE 4KEO Urea/DON (%) 1X5FH)T5. 7-12.9% T, BHEETEY &4
iidih B Urea OEEFANIKE, fikpl bI@EXECLOTEARL,

ITHEAPBEOEMIE Urea L0 DON #E BRI R o Tihbb, [LHMBLAOEGECRY
B~ CILEAEO DON BERBEICE,» -7 (Table 1), 20 LxABOHSEIC L, BRIKE
BT BL FESEAERD0%I RO (BBE, 1991), #XRBOBHENAEV-bOLHEMS
B, HESEROBRY FECRE L CBE BRI A RGN Lo oY, ThoFEREES LT
EAEEELCWS (B4 - B, 199D, ZhbOHBRERENS B LTI CERNO DON #EL LT T
WBLDEHEI S B,

#aAch e Urea OB MM IERIC A —CH 5 L33 Ciz NEwsLL (1967), BERMAN (1974) R ¥4 <D
PREe e LTV B, B S EBN LB B, [LEAE, B EREEs L oREINTETh,
FORIETBATH o 1oe L UM S, TEMRE CHET 5 &, SEOMERKE TIX, Urea 5334.2-89.4
%, DON #577.2-103.7%, DIN #350.2-75.3%C, Urea DREOIF LD EHNMEBOTBBOBRIC L TH
FLERECE LI D TRAR G, B, LENETEECD: » TN LABRICREVTH, AR
WEBIZE SR (Fig. 2), BRIEERSh-ten, KBEO Stn. HO-4 kX uskm)llo Stn. OR—-16
THE LBRIO 7= 212\ T, EIRAMNAEBRA KR ~7

B, LEAES L OE S ER oy 77 v b o O—REEE# 2 5 T Urea [JEETH
B EEbRD, “hb3EEICITS Urea/DIN (%) i134.4-42.8% TH Y (Table 1), ¥ 7554 b
oL ER Urea #28%FIM4 5 L HET 5 & (McCARTHY, 1972), MEEEHIC B\ Tk — R A B I FH
Eh b4z (DIN+Ured) 5%, 7.2-8.4%7% Urea nk5b D &5 ETHHEIC e 5,

BINZ 35\ T 5 < O B TEL ol Bkt 4 B sORn T ofEiELZI LY, #A
BoOF A, &5 N TEAEOBANT U T tEET 72 » Ao E DB ERT 0 B NEK, SARIK
ZERRRICECREELET.
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Urea Concentrations in Waters of Hiroshima Bay,
Etauchi Bay, Northeast Suo Nada and the Ohta River.

Tamiji Yamamoro, Tohru YaMazaki, Satoshi FujiMORI and Osamu MATSUDA

Faculty of Applied Biological Science, Hiroshima University,
Higashi-Hiroshima 724, Japan

Urea, dissolved organic nitrogen (DON) and dissolved inorganic nitrogen (DON)
concentrations in waters of Hiroshima Bay, Etauchi Bay, northeast Suo Nada and the
Ohta River were measured. Range and average concentration of urea were 0.08-3.32
(0.67) ug atNg-! in Hiroshima Bay, 0.00-5.01 (0.85) ug atN¢-! in Etauchi Bay, and
0.15-2.50 (0.91) ug atNe-! in Suo Nada, respectively. Although the range in urea con-
centration observed in the water of the Ohta River (0.23-3.15ug atNg~!)was in the
same level as those in the other coastal areas, the average value (1.49 ug atNe—Dwas
significantly higher than those in the other coastal areas. This means that the river in-
flow is one of the important supply source of urea for the coastal area. In the Ohta
River water, DON (41.6 ug atN0~! in the average) and DIN (30.7 ug atNg-! in the
average) concentrations were also high. Judging from the low Urea/DIN (%) in the
Ohta River water, it was supposed that, compared to urea, DIN would be principal
nitrogen source for the growth of phytoplankton in the estuary of Hiroshima Bay. The
Urea/DON (%) obhserved in this study was 5.7-12.9%, which revealed the contribution
of urea in the total DON load was not so high both in the river and the coastal waters.
The distribution of urea in the coastal environments is heterogeneous, not showing any
regular distribution, as has already been shown in several papers. However, the coeffi-
cient of varitaion was not always high in urea (34.2-89.4%) compared to those of DON
(77.2-103.7%) and DIN (50.2-75.3%). From the Urea/DIN (%) in the three coastal
areas (34.4-42.8%), the contribution of urea in all nitrogen forms (DIN+Urea) used
for the primary production was estimated 7.2-8.4% in the average.

Key Words : DIN, DON, river water, seawater, urea





