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Chemical properties of water in artifical Pinus koraiensis ecosystems in the eastern mountainous region of Heilongjiang
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Abstract The water quality of rainfall, throughfall, stem flow, litter-through and runoff in Pinus koraiensis plantations of the
eastern mountainous regions of Heilongjiang Province were studied. Water quality indexes,pH,DO(Dissolved oxygen), TURB( Tur-
bidity ), TDS(Total dissolved substances), K, Na, Ca, Mg, Cu,Zn, Mn and Fe were also analyzed. The results show a remarkable
change in the chemical properties of rainfall after passing through the forest canopies. There is an observed decrease in pH and DO,
obvious increase in TURB and TDS, and different degrees of increase in other chemical elements. With the exception of Cu,higher
element contents are found in stem flow than in rainfall and through™fall. The variance coefficients of all elements show remarkable
increase in throughfall and stem flow. With the exception of Mn, the variance coefficients of the elements in litter through are lower
than those in the other water media. The amount of chemical leaching of K and Ca is higher and that of Cu and Zn lower in
through™fall, stem~flow and litter through. The leaching coefficients of the elements in throughfall are observed to be in the follow-
ing order; Mn=>K>Mg>Cu=>Fe=>Ca=>Na=>Z7n. The order for stem flow is: Mn=> Mg=> K> Fe~>Ca">Cu~>Na~>Zn,and that
for litter”through is: Mg=> Mn=>K>> Fe=>Ca>Cu=> Na—>Zn.
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58 2 T 2R b ARlE A2 2 N TARSE B 3, 2% X K AR IX 3R, 2R b X 45 by i T80 7 5K SR K
AR, 1% M S RS B P R KU AR AR 23 °C AR B K B 6007 800mm , MY M 4 S IS RR I, 3K
B PEPE A LA N TAKAERE S 35a, F IR 50 14.69m, JilF2 A 10.7 lem ARHIE N 0.95, 765 X 5 B 0T 4%
SEACGII B TS 0 O E A e 3 I W T R R L2 0 SRR KRR L TERR I
B L 0 R K R R B . W TR SR S I g SR T LT CR AR . RS SR Y A TR
Y28 TR MAS R SR A R A B K, MR AR WA R/ X RS, pH (A M A (DO) Pk
(TURB) AR EAR (TDS) i1 H A 2E 7 #9 HORIBA W-23Xd % 22 S 50K 5 W AL Il € . Ca, Mg, Cu.Zn
JELF R WAL 43 6 6 BE 3L I 5E L KL Na, Min, Fe KO TR W 040 6 06 B 36
2 HRE5HH
2.1 KRSRBRKEIKIESEE

KRAFFASEINF M RS R A S P R0 R B R 2 — S A B THER SRR T, K
MR 6 R e T T A ) 45l A 2 ) TR A L A R A R AR R 4 R K P B L T 2R3 R Y 3 i
AR T LA R B A P R A KR SR MG BRI AR, % LA T 2004 45 5 HE 10 A
MR RGEAS KO FCEME ., AR 1T LA, KR K pH {28 6.48.D0 28 9.62mg/ L, TURB 1 TDS
AEXF AL 4300 3. 28NTU 1 3.12mg/ L, KRR AL2AY) T Ca JTCER it i im .4 3.070mg/ L, Cu TR & i
AL, K 0.004mg/ L, P AH2E 767. 5 4%, b0 &R S HF N Ca>K>Na™>Mg>Zn>Fe>Mn>Cu,
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Tab.1 Chemical dynamics of water quality in different water media of forest eco-system

WA pH M E/NTU o /mge L™ Content
Items TURB DO TDS K Na Ca Mg Cu Zn Mn Fe
3 WP ¥ (i 6.48 3.28 9.62 3.12 0.896  0.491  3.070  0.158  0.004  0.040  0.008 0.022
FROWE 2% 0.45  1.53 1.07 2.48 0.748  0.153 1.209  0.167  0.008  0.035  0.012 0.022
WRZRE 0.07  0.47 0.11 0.79 0.835  0.312  0.394 1.057  2.000  0.875 1.500 1.000
%% oK P ¥ 6.24 12.78 9.00 49.17 7.408  0.763  5.442  1.077  0.012  0.045  0.095 0.061
FROME 2 0.30 9.62 1.07 33.62 5.698  0.585  3.234  0.930  0.011  0.049  0.097 0.106
BREK 0.05  0.75 0.12 0.68 0.769  0.767  0.594  0.864  0.917 1.089 1.021 1.738
B TEm P ¥ A 5.78 19.67 8.77 86.00 9.365 1.200 11.996 3.309 0.010 0.071 0.312 0.168
bRoME % 0.10  5.05 0.66 38.47 7.402  1.032  5.025  3.393  0.011 0.076  0.398 0.184
BRZEK 0.02 0.26 0.08 0.45 0.790  0.860  0.419 1.025 1.100  1.070  1.276 1.095

& K F ¥ E 6.54 9.2 8.75 70.40 12.191 1.134  16.259 4.628 0.015 0.068 0.138 0.200

B oM % 0.52  5.63 0.33 15.57 4.243  0.789  2.039  1.294  0.011 0.048  0.217 0.123
A A 0.08  0.61 0.04 0.22 0.348  0.696  0.125  0.280  0.733  0.706  1.572 0.615
WERR P ¥ ME 6.71 25.60 8.73 72.20 9.692  4.274 12.247  3.604  0.035 0.109  0.112 0.628
FioME % 0.61  7.96 0.64 34.12 4.475  5.794  4.397  1.132  0.043  0.112  0.127 0.369
A A 0.09  0.31 0.07 0.47 0.462  1.356  0.359  0.314  1.229  1.028  1.134 0.588

* ARG RB co=s/x xRS AR BN TR bR 2,
2.2 HRMETRASTKIEOF ST

RAREK G ot MG 25 KA R R A T W BlE . 3R 1 AT 2833 /K i pH (1 DO A BT BEA, T
TURB 1 TDS W] 584, 43 1 R AWK I 3.9 45 A1 15.8 4%, (b n B &R Aa RRFEES N, K TR &
AR R R AR 8.3 £, Cu TR AR AR, N 0.012mg/ L, 2 KABEKH 3 £, b2 e R T EHEF N
K>Ca™>Mg>Na>>Mn>>Fe>>7Zn>>Cu, HH Mn JCE MK EERZL 2R 11.9 15,

AR pH {HF DO FEAKTE £, 1M 5 28 B /KA o TR B Cu SR AN RS b B KRR 2,
Ca CES TG . B RAMKMEGEB KN 3.9 5 2.2 £5;Cu TEF BRI, BRKIBEAKMN 2.5 5. KT
R K S AR T X Cu A T s Mn T R 934 KA EUR 2, 2 RARE K1Y 39 %, 28 B K1Y 3.3



5% 31 AT AR 55 - B IRTE A AR 30 LU 208 N T ARAEZS R G K AL 2 RRAIE 3

fi5, fn RS EHERF N Ca>K>Mg>Na>Mn>>Fe>>7Zn">Cu,

KB K (4 pH {H 5 TR 3 FKEE, DO A FFFE(%, TURB Al TDS S5 A LR MR IR £, fk2g e &
K.Ca,Mg,Cu fil Fe & AR T RAEK FE KM 723, Na Zn fl Mn & 2T HER . H & T RK
MoK FIZEBK . Ca TR A . H 16.259mg/ L, 43 52 K AWK 28 Bk R T 42 306 5.3 4% .3 5
Loaff, Co RS HERM, N 0.015me/ L, TR T EHFH Ca>K>Mg>Na>>Fe>Mn>>Zn>>Cu,

WA K G o WA TR 2 U 2 R 2 2 BSOS A T 7 T DB TR« — 2 R K VB K b RO i 2R 3, TR K BRI
R b 43 WA 5 R AOR 78 B T G AR P BB 2 R R K R A B M L T S Y 3 R B R Y
VBRI AR | R R L R b A AR 2R T 58 B e AL 2 94 DA F AR TR B R K R S bk L M AR
LI 7K A 25 5 A — R & A A8 Ak, pH (A0 TURB 35 805 8, 43 912 6.71 F1 25.60NTU ;1fif DO #1425 A
K 8.73mg/ Ly TDS & T T2 M H w5 T RAMEAK. FBAKMAMBE K, LETE P Ca TETHES. N
12.247mg/L;Cu JCE F ML, H 0.035mg/L; Na, Cu,Zn Fl Fe JCH % i ¥y T HA 4 FhoKFE; K, Ca
Mg JC 2 A AR TAG 3 K 8 T A K RE L 38 Wb 3982 Xk Ak 2 A — 2 B IR 1R
2.3 BMETRAKRSIBENTL

ST SR 25 SBT3 B4 S R L R K i bk 4R
AKAGSE AR R A A, 1 AT 45 K AR pH R DO A (L AR W] 5,28 53 RO /N, Hoflh 45 90 2 & AR Ak
BRI AR, KK Na,Ca JTEE S, AL TCZ B8 5 R BB K, Cu I Mn JEZ 0N I iX
AT RES L BT B LE P A 5 5 K T2 R S AR B L A AR R L X T BRI M X R R e K e A R
K JCZE L B TE TR A M K ST RSB, 208 KR T42 3 b 45 0% 19078 5 250
K 2B AR T AR T K. Mg, Cu Fl Mn J62 975 5 2 8086/ T RS HEK L Na,Ca. Zn Fl Fe HIERR T RS
WK X S AR S B ) 6 B . S B/KAY TURB A TDS 254k 85k . 748 5 2 s T Atk Bk L 38 0 =
2R MR A AR, AEK R Mn G B8 5 2 B0 K, M 2 A2 WP Nay Cu, Mn Fl Zn
TEE AL
2.4 KRSREBKJBRMREE S SHN

TR AR K X PR 2 9 7 A 2 T 280 I — 7 T 2 R BT ) 25 S0 A i 2 PR 2l AR ) 3 T AV
a3 A AL LK U A 5 A R TR BT A DG 5 55— 7 TR I K X R 3k 2 L B PH B8 T
AL PR R 0 11 2 1) 2 2 I 2 TR P 88 A0 9 2 a2 3 3 5 o7 B 0 5 U2 14 58 Hk L o B B 5 ik
VT SUES T s, P B B2l i R M T RS B R AR 2 B T B K
B2 R K A5 R K B A2 TR e 2 R, P it O O 5 B K T AR TR B 5 K B 3R B
AT 7543 e B2 1) 22 (8L, TR 2R 850 58 K T A0 WAL B A 8 7K K 9 4 Wk B2 I DL K S AR T 7 e e
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Tab.2 Net leaching amount and leaching coefficient of throughfall,stemflow and litter through

Wi H Ttems K Na Ca Mg Cu Zn Mn Fe
B K EMIE/ mg e L 6.512 0.272 2.372 0.919 0.008 0.005 0.087 0.039
B 4% 7 G i/ mge L1 8.469 0.709 8.926 3.151 0.006 0.031 0.304 0.146
A B K Gk / mg - L 11.295 0.643 13.189 4.470 0.011 0.028 0.130 0.178
F OB K MK B R M 8.268 1.554 1.773 6.816 3.000 1.125 11.875 2.773
BT B u M R 10.452 2. 444 3.907 20.943 2.500 1.775 39.000 7.636
i & K W B R K 13.606 2.310 5.296 29.291 3.750 1.700 17.250 9.091

M2 2l RNk Bt e 3 R KRR 2% 0 R B A BT N, 2 K R AR TR ARG B K Y K Ca 3
ML Z , Cu Zn WM RED MR R EOV/NES % 5K B9KIE F 519 Mn>K>Mg= Cu™>Fe>>Ca>>
Na=>Zn, B Cu JUERAM A TA20 th HA TR 59w AT L 27 B K, Mn 0 3R B9IKIE R 8 35 39.000, Mg
TLER HYWRIE RECRBR Ty 20. 943 84 AR IR BOIKIAE F 51 Mn>Mg=>K>Fe>> Ca=>Cu>>Na>Zn, #fiiEK
H K, Ca, Mg, Cu I Fe JCZR it W 2 5 T 58 i K FIAR 142 0 v RH VL 7T 38 A9 bk o e, Horh Mg o0 R
ZHE A 29.291, Na Zn 1 Mn JCZR 1 B U0 T 255528 K MR 42 AR I3 0 28 0 bk 0 22 1) 5 AWt g8 7K B9
WIS Mg= Mn=>K>Fe=>Ca=>Cu=>Na>Zn, AI UWLZLFAMRNS IR K A R 7 2000 TS0 L 0 e /K Ao /Y
P RE M B . X SRR IEVEJT B AR S WA WO X s IR 20 B Al 2R AR A AR A
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KAREAKM pHAE A 6.48,D0 N 9.62mg/ L, TURB A1 TDS XK AL AW b Ca CR SR E N
3.070mg/L,Cu JLRE M & m i fik. H 0.00dmg/ L, i 22 767.5 f5 b ¥ 0 £ % mHEF A Ca=>K>Na>
Mg>Zn>>Fe>>Mn>>Cu, KAFFEKG MG )Z G KRR B R A T 284k, fh2f oo 15 i 34 A A R
EERE N fe2 o R S HEF N K>Ca>Mg>Na>Mn>Fe>7Zn">Cu, H:Hf Mn TR KHEH KL, JERA
FEKI 11.9 f%, W TR Cu TR R HIE R W KR Z 2 n R T mHEF B Ca>K> Mg >
Na>>Mn>Fe>Zn>>Cu, Hii&E/KMH pH {EH & TH7 3 FKEE, DO A HrFEAK, TURB M TDS 5 285 K AH HREAK
RZ fb2F e R & wHEF A Ca>K>Mg>Na>Fe>Mn">Zn">Cu,

KAPEKEE Na,Ca TCEZF ZEE /NN, H A T RN E R REE K, Cu fil Mo TR I AR, %F
ERFB TR A TR AR B R OR L Ml i K B Mn Jo R 8 5 RECECK, M £42 3t Na . Cu, Mn
il Zn TR S R LK,

ZRIWRBE IS 3 FlOKAE th 25 JT R B BE A TR, 2B K BT R B K K Ca 34 £, Cu. Zn
ORI B A/l AR IRV 2R B0 K/ INHE S 28 32 K BRI )7 51 ) Min™>K >M g™ Cu™ Fe™>Ca>Na>Zn, #{ T
B AIWIE N Mn™>Mg™>K>Fe>>Ca>Cu>Na>Zn, & KW IEF 5]}y Mg™>Mn>K>Fe>Ca>
Cu>Na>Zn,
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