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O LEEE, BEOWIETK (B 0.11FTU) TIEZN2N24%, 1.9% LD o725, WEOE WK GBE
F1 6.3FTU) TIEZENZI28%, 68% Limnorze BMBREER - ) VIREIXEE L IEOHBPA SN, T2, KEHZE
IR L0 DIBEBGDIE ) DBIREVENICH 5720 TN DORERIE, EF - ) v ombELZFHIT 2 T, BiE
REZE R v ORHINZE AT ) LEMIEZ DMK AE T 2 EE IR L, SEEWEOR MRS WAED 2 BRI LB 2 BRI
A REOT R Z RS BT IOBE L ) B E LTI LENH L 2 L FRIEL 72,
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Limited information is available on the particulate forms of nitrogen and phosphorus in runoff from forests. Nonetheless, assessment
of particulate content may be crucial for accurately quantifying nitrogen and phosphorus runoff from forested areas. In this study, we
examined turbidity, major ionic constituents, and particulate nitrogen and phosphorus in two adjacent streams with different turbidity
levels within the Ashoro Research Forest and assessed how turbidity influences particulate nitrogen and phosphorus concentrations. To
investigate seasonal variations, samples were collected at different times of the year. The results showed that in low turbidity stream
water (mean turbidity 0.11 FTU), the proportions of particulate nitrogen and phosphorus relative to total nitrogen and phosphorus
were low (2.4% and 1.9%, respectively), whereas in high turbidity stream water (mean turbidity 6.3 FTU), these proportions were
substantially higher (28% and 68%, respectively). Concentrations of particulate nitrogen and phosphorus were positively associated
with turbidity levels. Temporal variability was more pronounced for the suspended component than for the dissolved component.
These results suggest that the need to measure particulate nitrogen and phosphorus concentrations is influenced by river water
turbidity, and that a higher frequency of water sampling may be required to estimate particulate matter discharge compared to that
required for dissolved matter discharge.
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1. (FU&HIC CIE THMILZ BT B R R E OB A5 D
BMRIIKH R BE 2 EOLSHIREEZ L TBY, Z FHEZSEARTH D), BB B DSOBM» LV o7 T
DEEBEEFT 21T 5 72D B4 2 BIIAT b T\ 5, Bl 2 i, BEBICEEINLIRKECRIIEDIIT IS,
X, K ATERED—DTH LG EALIREEIC X > T/ WIEDICHEFREICHRNTER SN Z 0D hh oz
KN EFTNALEER) v Lo 2 ERFLWE DTS Td» 5 (Schlesinger and Bernhardt 2020), L %> L, V471
FOTORIBIZHEEESNDL, LaL, 4, ALHKoESH WZPCEcS 2 s e & LTk hicEEFNnTws 2
iz (B 2002abc; Ide er al. 2009) RLKEIHY:IZ L b &35 & (BIZIE, Ca, MgZ &) P 2T\ (Martin and
MEBEOHLEL (Chiwa et al. 2019) 7 &1 X A KB EALHERED Meybeck 1979) c D728, FRARFLITIZ BT 2 W I
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1 Johnson et al. 2000), [EINT & Eit KB O K EM AT PO OBREEWEOREIZE T 2MEMNIIES N TV D,
bITwb (FlzIL, Nakahara ef al. 2010; Chiwa et al. 2015; TR EEAERE T EMICFEEMT 57201213, 2ok )
Sase ef al. 2019; Chiwa 2021) o LIS OB RO LETH S,

Masaaki Chiwa, Takuma Nakamura. Comparison of suspended nitrogen and phosphorus concentrations in stream water from adjacent watersheds with
different turbidity levels in Ashoro Research Forest
* FL# % (Corresponding author): Email. chiwa.masaaki.690@m.kyushu-u.ac.jp T 811-2415 & [ ULkl 2 AR A L M]3 B2 394
1 FUPRF R BE R TR e BRI S P AR AR BRI R o i
Division of Forest Environmental Science, Department of Agro-environmental Sciences, Faculty of Agriculture, Kyushu, University
2 JUINIRAF e 2 M I i 3
University Forest, School of Agriculture, Kyushu University



2 aHOER 5

Z TR, BEEBYEONOEES ST 5
7202, JbHEEHER AL E T A Ak CR ST o Ju kS
I EIECE AN 3711ha) ICBWT, WEDRL 5iRFEK
IZBWT, FEAKTOBBREWE T & o7 LB x 00 L
7oo BAKBGIZIE, 1) @ERPE) v, BREeER 6
GFREAY V&GN L, 2) AR (FEHAD)) %2563
H72012, 20144FE 6 A5 20154E4 HOE - Fk - & - &
WA C 2 M O s Gk 7 FRELL 720 RIFZET
X, BEOFEVIERK TIHIREERE S, BEE S
WHE (BAE+BREE) (02860 A8 1L, BEEY
BORHNEFT ) WEEDNEE L LW ERE L, S
52, SREREW R K CFR e BRI X o THIFHIZ B2 K
&L, LS OHETRAKTAZLEENET S E VIR
AR RE L7,

2. Bk
2.1, FAEH

A AL R AT A S B JUIN R R R b g e
MACEEEE A (DT LB EE R oM (N 43.272,
E 143.505 1Z%5 280 m) TiT- 720 BHMIZBI 5 FEFY
Bk & EFIYRIMIE 1979 E A 5 2018 ETENLE N
821mm [ffK 505mm (1984 4F), %7/ 1169mm (2016 4F)],
59° C [ 4.7° C (2001 4F), #xm 7.2° C (20154F)] <
&5 R - PR, 2020), AREIAHTIE, FEHHHEIE 1
H~4 JIZBIll 2N T %, KREEFREAE =T 2009 4 75
52018 4T 44 kg Nha' yr' TH Y, ENOH TILELAYE
WEAER S LT Wb (Chiwa 2020) 6

i EEEARCTIEIHRERAEONITDO1 2T T~
(Larix kaempferi) 7% & OFEEM N TS HD, D IZI X
F 7 (Quercus crispula) % NI FNKRY A P 2 (Tilia
maximowicziana), A4 ¥ (Acer pictum subsp. mono),
7% (Ostrya japonica) 72 EHNREET % G % 5505 346
MPELE L TWwd, 72, MERIEKFED I Y 39V (Sasa
nipponica) (5 S#) 50cm) TEOLNLTWD, HFHRDOL I
TR TH D HO0, SEFHHC B LR B R ED
VARG S LT B ) MR IR BIRE D AT b
T2 (FRH, 2017) HFMIHUIIZE A DL VAT,
M EHOAPENVIITH S, L pH (HO), &EH, Kk
FogH#E (ON) HiZFNZEN48-63, 0.8-1.3%, 12-20
T (Hishi et al., 2014), EKAEEBHAORBO EIZELS (5t
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Fig. 1 a) Study area and b) Sampling points.
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2.2. HEOIFEWME P

EIAROEEAKIE, SHEOHEMROR LRI TH S A HT
EBHIE TR R T 72 (K1) WHLTOFBIE, I X
FIVEEL TV ERERENRTH S, AHTORIEIBBE
RALT I, B ORIFAEREZ MWTB Y, SRRSO
FHI2ETH Do FRAKIFMAKERIZIT VY, 2014 S5 5 2015
EIHPITTEE [E (67 H), & (10-11 A), & (1=2
H), & GH)] 12, 1 HM~1r BOBBTEHITEIZ3
B (EEFH120) {To7z0 SATHEHEIZEE, pH, FZEA
% ¥ B4 (CL,NOy, SO,>, Na*, NH,", K*, Mg, Ca*"), &%
(TN), wHEREaE#H (DIN), &)~ (TP), WHEESY
¥ (DTP), V) Y& (PO), 7 AWk (Si0,) TH Do W
OFHINZ I ZEEF (HI93703-C, Ny F A YAV VA ) -
Dx8y), pHOFHINCIZ A T AT (F-21, Ya 3y 8T
VT, O A IR K TR S L7 7T AHE
7 4 )% — (GF/F, 7 v b~ , GE Healthcare) % i\ CTHT
v, A 4> (CI,NO,, SO2) , B A 4+ >~ (Na',NH,", K',
Mg, Ca*) % Ml5E L7zo %8, HMEEA 4~ (NO,) (IHk
MaNhehotze BAT Y - A F VGO GHTICIEA A
yruax b777 (DX-120, HRY A F 47 ) &z,
&gE®k (TN), BrEeE®k (DIN), &) v (TP), &fF
Eay ~ (DTP), wAFEREREY » (DIP), 7 1 M (Si0,)
DI, EEERR (U-5100, HYZNA T 274 =2 A)
ZHWTHlEER L7, TN, DTN, TP, DTP O5Hr %179 72
DT, NIV A XV TR ) U A B N Z 720 B,
F— b7 L—T%HWT120° C T45 5rRme L, Wity
L7z AN 21T £ THEMRMAL, TN, TP
AT D 72D DFR S B EHIE R L 720

NO,, NH,, TN, DTN Z5l{#ll 92 2 &2k V), HBEEs
% (PIN), B AKEZFE (DON) 22 NnZNLTFoR
MmHRD7,

PTN = TN- DTN

DON=DTN - (NO, +NH,")

& HIZTP, DTP, PO> Z Il 2 2 12 LD, MRETE
1) > (PTP), BHAWRE) » (DOP) % ZNZFNLITOR
MHRDTz,

PTP=TP-DTP

DOP=DTP - PO,*

3. BREER
3.1, EBRKPOEHE

WX, BHA XD b A M CHEE S EE AR R A
Sz (FD. MmBEMEELTEBY, LE653IXF7
EE L2 RIRERTH 5 WD BT & T A M
TEWVHEIZHE R CTIEIAHTH %55, FEEL &K TFN %
THL AL THERENRI DR TR, BEELN
FRLTWATRMENEZZ SN, TOERZHHIZT S
oo0lE, BEELEKCEWN R T AT 5 5B oM
RGeS TH B,
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3.2, FERKPDERES

NHETEBINC X » TE L A2 RAEZR LA =OBEINITHFEK
HREROEFNEEE AL L (Aber e al. 1989), % DAHF,
BRI DONO, IREEZ LA SELZ ENHESINTE
(Vitousek er al, 1997; Chiwa et al. 2019) s = 4L F THRMTIH
PO OEFMIMICE L Tk, BfEKREZER (DIN), &

D DIFREERIE (NO,) %5 H &A1, 2 i kI <0 i % b
HE\Z B9 5 BfE % 0 C & 72 (Hill 1993; Burns et al. 1998;
Creed and Band 1998; McHale et al. 2002; Schiff et al. 2002;
Inamdar and Mitchell 2006) o AWZETIX, TV E=7 A4 F
¥ (NH,") BREGHHRALT TH > 72, Z1id NHA+ A
BlZHEL-TEIOS FIIREINTWAL-DE bR
%o

PTIN O % 7728 2 5, PINIE, BEDOEERK
IZBWTC, BELREERDTH o720 PINITEHEDFEE
it (A ICBWTIN®28% 2 5O T\w7z (M 2a,
1)o PTN RGNV OSLE 13 S i3 2k IR %
R E LTS LA T2 (Ide ef al. 2007; Lee et al. 2016;
Lewis 2002) o FRFRFLIFNC BT % SRFLAKH O PTN O 45 H7 51
(Lewis 2002; Vanderbilt et at. 2003; Ide ef al. 2007) (4 7\

60 _
_ a) WwsEzEs
I, 50 Mismaigrss
= Crsestezs
2 40
= 39
1
3K 20
s
10

0

As B

1'Ob) W By
%08 W srAe ) >
s O satesmigae) >
5 0.6
iy
ﬁ 0.4
g 0.2

0

At Bl

X2 EmKkhDa) BRES, b) ULCRSOANR, 2014FEH5
2015 (Ch T TERAK L - FHEEZRL TV,

Fig. 2 Components of a) nitrogen and b) phosphorus in stream
water. Average values of water collected between 2014
and 2015 were shown.
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Fig. 3 Relationships between turbidity (FTU) and particle total
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nitrogen (PTN) (a) and particle total phosphorus (PTP) (b)
concentrations. Black and white circles show the sites A

and B, respectively.

R1AHUR, BHUAUZIS T 2 RFK LRIy OFMRZT) (RAHAIZ SV TEKITSR)
Table 1 Seasonal variation in chemical species in stream water collected in site A and B (see Fig. 1 for sampling location).

A SER BEBER EBER BEAREER 21 BIERUS|  BIEEREYS BEBY  EEEREYS

R =4 (TN) (DTN) (PTN) (DON) (TP) (DTP) (DIP) (PTP) (DOP)
FTU pumol/L.

AL 5 (n=3) 6.0 58.7 37.4 21.3 11.3 0.95 031 0.29 0.65 0.02

K (n=3) 22 417 347 7.1 112 0.33 0.17 0.11 0.16 0.06

% (n=3) 8.8 46.2 34.6 116 5.8 0.77 0.18 0.14 0.59 0.04

# (n=3) 8.3 48.0 343 13.7 10.7 0.78 0.24 0.21 0.54 0.03

T 6.3 48.7 352 134 9.7 0.71 0.23 0.19 0.49 0.03

CV (%) 47 15 4 44 27 37 27 41 45 49

BHEA i (n=3) 0.01 223 25.6 0.5 12.0 043 041 041 0.02 0.00

K (n=3) 0.08 234 23.1 0.7 8.7 0.44 043 0.39 0.01 0.03

% (n=3) 0.28 143 14.8 0.1 0.4 0.40 0.40 041 0.00 0.00

# (n=3) 0.08 213 214 0.8 6.7 0.40 0.39 0.42 0.00 0.00

T 0.11 203 212 0.5 6.9 0.42 0.41 0.41 0.01 0.01

CV (%) 100 20 22 55 70 5 3 3 109 219

s =t oH cr NOy S0 Na® NH,;" K" Mg Ca* Si0,
umol/L

A H (n=3) 7.0 552 26.1 19.7 2744 DL 84.3 18.0 36.9 763

K (n=3) 7.2 52.4 235 204 285.4 DL 76.7 18.5 353 753

4 (n=3) 6.9 53.9 28.8 16.6 259.9 DL 87.4 213 40.7 755

A (n=3) 7.1 48.0 237 173 237.6 DL 82.8 112 17.7 723

R 7.1 524 255 18.5 2643 — 82.8 17.2 327 748

CV (%) 1.6 6.0 9.7 9.9 78 — 5.4 24.7 313 24

Bl ¥ (n=3) 7.1 416 13.6 16.7 2542 DL 82.9 14.8 293 867

B (n=3) 72 42.1 145 18.9 259.1 DL 76.6 13.7 212 851

% (n=3) 6.9 39.9 145 18.0 2287 DL 87.3 16.2 23.4 856

H (n=3) 7.2 38.8 14.8 17.9 2202 DL 83.7 12.1 19.8 838

T 7.1 40.6 143 17.9 240.6 — 82.6 142 234 853

CV (%) 2 4 4 5 8 — 5 12 18 1

DL: B H{BRF LT
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B, RWFZEIEEE OB WVIRIKIZBWT, SFEitkhoaEH
TR Z IEEIC R D 57201212 PIN O 2179 LZE)S
HHZLEERLTVD, —HT, BHEOKRVEIAKTI,
PTN OHF 513/ &< ([M2a, £1), 24% TH o726 2D
Z XL, EEOERWETK T PTN OO OB X
ZEERLTWS,

SR REY) IR OIRIECH DB EEIL, PTN 2SR O
BEETICREGEEZ HEOLDNED) PEHMT A ETO
EERIERE LD ) 5 RWFFETIE, BEIEWVFERAKT
PTN EED R < (M 2a), HE L PIN RS & OMIZIZIED
MR RAYA H 72 (M 3a, P<0.001), EEHIMET S
WK OBREEZ GO/ 88F%K - ) VIR & BREY R
(SS) #EHM L7=7kIE S (2015) & MRBY EILRE & 5 BE
&EF, BEEY L ITRVIEOBIBIR Z s L CT\v b,

%8B, DON ZHEOREICEDL S, MRkt (A e,
BHiN) I2BWTZNZILTIN D20, 34% % HHTWwiz
(K3a)e 2D LIE, WEOEHWVAMIDHABHED
FHHIDON 23 TN 125 5 E G 13RS DD, FEHAKHIC
GEND TINIZXTT 5 DON OF G (X & & b T &
HTWZEERRL TV, FEiAKFIZBWTDON IZ8EHD
MR E L CEETH Y (Campbell ef al. 2000; McHale et
al, 2000; Willett ez al, 2004; Vanderbilt e al. 2003), IR
128710 9 % (Hedin et al. 1995; Perakis and Hedin 2002) o

3.3. FERKPDOU > ES

VUG OWT L EROYA L FEE ®EOEWE
it (AMsT) TPTPEEAE < (X 2b), PTP S TP H®
LEEIL68% THY, PTPATTP D EEE T - 720 [l
KEZ# S Lier al. (2015) THLHESNTHBY, TP KT
% PTP DEIEIL 65% LW L Twid, Hhinidzn k)i
EWEISPE L LDIIEFEAED) Y TIERAIZE ST
Bk ENTwb7zoL LTwb (Lietal 2015), ) VRIZ
# (Fe), 7NV (Ca), TIVWIZTL (A) Ewvnoiz
SRITHEEBOBHULEDH D Z Eh s, U BRI &
EL7IEREERZRTZ ERH SN TWwWAD (Mainstone and Parr
2002), = 5 (2001) 1ZHADOHERL SN TV WHEKIZ
BWTIE, DTP SiERAKFT O TP O FEEETH L L%
WMEL VD, —HT, TERAIHKI )R TWVHEATIE
PTP A" i E Tt T2 2 L HE SN TS (Ide ef al,
2007; HT-5 2008; Ide et al, 2009) . & (1993) b HEL D/
EWHIHIZBWTIE DTP 25 TP D EERIETH - 72D Ik
LT, WHELEN/FTIEPTP P EERETH -2 L %
WL CTWdo FEERAERES N—N= F T v 7 R EFRIZ
BUTHIEEN TS (Yanai 1998)0 AFFFEICBWTH
PTP (378 D& Wik o TP ORERL 312 B W CHEE
ThHbHIENRENT, —HT, BFEOWE LR HE
DS (BHLA) TIE, PTP %513/ & < (4 2b,
£1), 19% THYH, ) UriHETEMHICERED 272012
PTP % 5§ 2 LEMEIZERNZ L 2R LW T W5,
SEROWELEM ®WEL PTPIEE & OMICEDMHE
B A S (K 3b)o MOmEETLEE & PTP 125

WIE DB BRAHE S hTwbd (KIES 2015; Ide ef al.
2007) SO LMD, FEHAKD) VG D DB PTP 23
BRI 2 5 BIIREVWEEZ LN,

3.4. ZEIZE
FLICAME, BHTIZBI 2(LFHOFHZD (FH
WOEBRE) %2R, FEEBDP/NE WV (A, B HIH
77 & b ZIRE10% AKii) LAHEL pH, Cl, NO,, SO2,
Na', K*, SiO, Th o720 FEIEBIKE VLA (A, B
oG e D AERE 10% Ll E) X, B, Mg, Ca*,
TN, PTN, DON, PTP, DOP CTH o720 TN HD T & M
5, FEIEENIMARBARS TS, BHEBWE TKRE
WM Z IR T E DD olze THOI LS, BEEWH
DOy A AR S 5 BB 2 B AR O it
EERNT ABUAT OB L) 8 ATH LEDH D 2 L8
o7z,

4. fEsH

ARWFFETIE, AbHEEEH O 5 2 R EE A UK
ZACHREIER) 12B VT, BEOEWETK T RERE
REDE L, BEEIEWE (BAE+IEEE) 10505
o ER L, BEEDEOFNEIT ) LEEI ST S S
LR, BB E IR N R BRI X o THHRZEIDR
X<, IS OBEETERATAVEENEE S E VIR
WMAEMGET 27:012, 1) EHRR) v OBEBREKT & AR
RERLr 2 AT L, 2) WER (Z5H0) Z#h=e 3) Z2f (Hhraid)
L% M L 72 Z RS, 1) REERG O EIEE
PEVIFERAK TR E D572 DON OZFGI3HE DRI
HBOTRKEDPSTZD, DOP DHFLII/NE o7z, 2) HEH
BENZOWTIE, BEERD OEE D Em L TEE) A
KEWEHANZH > 720

BEE
RWFZED—i, JUNRE 3 EEARLERE T Y = 7
b OREE=ZZY) v 7)) BXOCHE SRR E B
4 (JP17HO03833, JP20K21338, JP22H02386, 22H02386)
O % 2T T b7z,
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