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Dynamic characteristics of cadmium storage and distribution in the subalpine

forest streams
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Abstract: Cadmium ( Cd) is one of hazardous heavy metal elements with high toxicity, which can not only accumulate in
plant tissues, soils and water, but also migrate from one ecosystem to another ecosystem. In the forest region, the Cd
absorbed by trees might be delivered to forest stream by plant debris, surface runoff and percolating water, and deposit in
stream sediment or migrate to the butted river. As a result, an investigation on the dynamic characteristics of Cd storage and
distribution in the forest stream is benefit to understand the Cd biogeochemical linkages between forest and the butted river.
However, little information is available on forest stream Cd storage dynamics although the emission, deposition and
migration of Cd between industrial ecosystem and natural ecosystem has been widely investigated in industrial districts.
Moreover, the subalpine forest located in the upper reaches of Yangtze River plays crucial roles in holding and cleaning
freshwater resource, and conserving soil and water, as a consequence of which an investigation on the biogeochemical
linkage between forest and forest streams can provide with key scientific basis for forest management at watershed scale. In
order to understand the Cd biogeochemical linkage of the subalpine forest region with the butted river ecosystem, Cd
concentration in water, sediment and plant debris were therefore measured in fifteen subalpine forest streams located in the

upper reaches of Minjiang River from September 2015 to August 2016. Here, fifteen forest streams were classified into five
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typical subalpine forest streams in the range of length 10—50 m, 50—150 m and 150—260 m, respectively. The Cd
storage in the subalpine forest streams ranged from 2.57 mg/m’ to 128.46 mg/m’, and was stored mainly in the stream
sediment. No significant difference of Cd storage was observed among the upper, middle and lower reaches of subalpine
forest streams. The highest Cd storage in the subalpine forest stream ecosystems was found in Autumn litter peak, and the
lowest value in secondary litter peak in Spring, implying that the litter in Autumn is one of the most important Cd input
pathways. Moreover, the highest Cd storages in the upper, middle and lower reaches of forest stream ecosystem were also
observed in Autumn litterfall peak, and the lowest values varied with the reaches. The lowest Cd storages in the upstream
and midstream of forest stream ecosystems were found in secondary litterfall peak in Spring, while that in the downstream
was observed in non-litterfall peak. Additionally, litter Cd storage in the subalpine forest streams was significantly correlated
with stream hydrological characteristics, and the relationships of Cd storage in the sediment with stream hydrological
characteristics varied with stream positions. In brief, the Cd storage in the subalpine forest stream ecosystem had clear
seasonality , and the potential of water self-purification. These results provided a new perspective for further understanding of

the biogeochemical cycle of Cd in aquatic-terrestrial ecosystems, and for managing subalpine forest at catchment level.

Key Words:; subalpine forest; forest streams; sediment; litter; heavy metal
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Fig.1 The location of the study area and the sampling streams
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Table 1 Two-way ANOVA analyses between different influence factors and subalpine forest streams Cd storage

FF Factors df F Sig.
Fif ] Time 2 6.234 0.005 **
KJE Length 2 0.178 0.838
A1 4L Vertical distribution 1 115.175 0.000**
B 1543 Lateral distribution 2 0.440 0.644
Bif 1] x K B TimeX Length 4 0.132 0.970
Y\ [ 43 B <A 1 3 BE Vertical distributionX Lateral distribution 2 0.884 0.413

# % P<0.01; n=390

2.2 WL ARMIE G E R IR Cd fif i Bl DG R i AR Ak

FEAE K XK S LR S b IR Cd it i L B 3 501 R 37.15% ,29.29% Fil 33.56% (11 3)
FEAFDCHERT T, - b U Cd i B 225, AFISCHER IAH Lk, BRI Cd it it 3 IRk IR 75
Yy i VI e 5, i 2R 0R TR W e W SRR IS W R 2 A R A S BRI L Cd fE R SR Cd if
T A7 LG 34.419%38 078 40.61% , e b7 LL A B 48 4k, R Cd i o He 37.32% TRk 30.11%

10 — W 00 Aa —
A R =t
L 2 o % 3
o 7 _ Bb Bb E o
£ /? S _%‘%
iz \%,D % % % ﬂiﬂ% ol %é Ba
&?{’D v % @ 580 ’:% Ba ]%a
¥ g Aa / g "/ -
z Aa / Aa < ’4/
=] / o "%
O % ::%
0 % 0 % %
- g3 &
23 ¥ ¥} E 2 =] =
g 5 5 ey o 5
Es Es Es = = =2
& b o : 2 # 5
® g &5 2 = 2 2 5
< g S 2
é ﬁ ﬁ Ry E_‘.
I5f ] Time 5} [H) Time

E3 THLHREKR CdEESHIHUENSE

Fig.3 Changes in Cd storage and positions in the subalpine

B2 THLHFEMEKR CdAEESHEIEIHTEW

Fig.2  Changes in Cd storage and vertical distribution in the
forest streams with critical periods( mean+ SE, n=35)
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Fig.4 Dynamics of vertical distribution of Cd storage in different length streams( mean+ SE, n=5)
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Table 2 Pearson’s correlation analyses between hydrological characteristics and Cd storage in the subalpine forest streams

Syt R K i i i bk
Distribution Length/m Width/m Depth/m Area/m? Velocity/(m/s)  Discharge/(m®/s)
JH75Y) Litter 0.322"" 0.175"* 0.038 0.268 ** 0.056 0.219"*
YU Sediment 0.003 0.044 0.077 0.001 0.084 -0.105

L3 Upper reaches 0.028 -0.028 0.103 0.007 0.101 -0.164

thiiF Middle reaches -0.054 -0.138 0.012 -0.083 0.101 -0.214"

T Lower reaches 0.031 -0.056 0.057 0.018 0.197" -0.138
A Total storage 0.029 0.033 0.092 0.009 0.112 -0.099

* ,P<0.05, * * ,P<0.01. n=390
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Fig.5 Dynamics of lateral distribution of Cd storage in different subalpine forest streams( mean+ SE, n=5)
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