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Abstract

Introduction: One of the most important results of population growth, urbanization, and industrialization
is the increase of urban waste. Accumulation of municipal solid waste produces toxic leachate that can
transfer contaminants to the soil and alter its quality, especially in vulnerable forest ecosystems. This study
was carried out to determine the properties of the soil of the Saravan municipal solid waste disposal site
that is located in a part of the Hyrcanian forests, Rasht, Guilan province, which have been affected by the
activity of the open dumpsite; Determining the minimum data set (MDS) and evaluating the quality
adjacent soil to the dumpsite, the route affected by leachate and downstream lands, through soil quality
indices such as simple integrated quality index (1Qlsa), weighted integrated quality index (IQly) and
Nemoro quality index using total data set (TDS) and MDS, and comparing them with each other.

Materials and Methods: Based on the distance from the disposal site, slope, height, and the route of
leachate, from 32 sampling points with the same vegetation, a total of 32 composite samples were prepared
in plots 10x10 from (five sub-samples from four heads and the middle by a polyethylene hand auger) a
depth of 0-15 cm in June 2019.

The soil properties including pH, clay, silt, sand, available phosphorus (P.v.), copper (Cuaa), Zinc (Zn,y.),
and iron (Fe,.), total nitrogen (N), cation exchange capacity (CEC), electrical conductivity (EC), organic
carbon (OC), basal respiration (BR), microbial biomass carbon (MBC), the metabolic quotient (qCO,) and
enzymatic activities of Urease (UR) and alkaline phosphatase (ALP) were measured. One-way analysis of
variance (ANOVA) and independent comparison tests was used to compare the results of the soil samples
in areas exposed to dumpsite activities and control. Six properties were selected as MDS using principal
component analysis (PCA). The models of the simple integrated quality index (1Qls,), weighted integrated
quality index (IQly), and the Nemoro index were used to determine soil quality. One-way ANOVA and
Duncan’s multiple range tests were used to compare the mean soil quality indices in the areas around the
disposal site, leachate-affected route, and downstream lands. The possible relationship between chemical,
physical and biological properties was investigated by calculating Pearson’s correlation coefficients.
Results and Discussion: The results showed that the value of soil properties including Fey, EC, Paa, N,
ZNava Clays, OC, BR, MBC, the enzymatic activities of UR and ALP is significantly different from the
control (p<0.01). The properties of Py, Cuaa EC, clay, silt and MBC were selected as MDS, which can
describe 73% of changes in the soil quality. Evaluation of the soil quality through Nemoro index, using
MDS and TDS (IV and I, respectively) at different distances from the dumpsite was the same as the
control. The values of 1Qlg, and 1QI,, using MDS did not show any significant difference with the control in
all routes exposed to the activity of the disposal site, except around the dumpsite. However, the degree of
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soil quality through the overall average 1Qls, and 1Ql,,, using MDS in all areas exposed to the dumpsite was
the same as the control. The results of 1QIg, and 1Ql,, using TDS were so different so that the values of
IQlg, and 1Ql,, using TDS in the path of leachate and lands downstream of the disposal site showed a
significant difference with the control (p<0.01). Also, the quality degree through the overall mean value of
IQls, and IQl,, using TDS (Il and 1V, respectively), around the disposal site and the path of leachate were
different from the control (11 and 111, respectively).

The Saravan municipal waste disposal site is located in an area, with a Mediterranean climate, with high
relative humidity and rainfall. It has increased the possibility of leachate production. On the other hand,
with the leachate flowing along the sloping path of 15%, especially after each rainfall in the area, the soil is
contaminated by leachate and transfer downstream. Also, Leachate is discharged from the disposal site
downstream, into the river, which is used to irrigate agricultural land downstream of the dumpsite. The
results of changes in IQIg, and 1Ql,, by TDS can indicate the possible consequence of the leachate effect
from the disposal site on the path to the soil of downstream farms.

Conclusion: According to the objectives of the research, it seems that soil properties including Fe,va, Pavas
EC, N, BR, MBC, and the enzymatic activities of UR and AIP have been affected by the activity Saravan
solid waste disposal site. Investigating the results of the quality indices using MDS and TDS showed that
IQl;, and 1Ql,, using TDS can better represent the effect of waste disposal site activity on soil quality.
Significant differences of the 1Ql, and 1Ql,,, in the leachate route and downstream agricultural lands with
the control can probably be due to the effect of leachate and leaching of soil around the leachate route and
its transfer downstream. Considering the same quality results in the area exposed to the activity of the
disposal site with the control through the Nemoro index, using MDS, TDS, it can be concluded that
Nemoro index does not have the required sensitivity to describe the effect of waste disposal activity on the
quality adjacent soil. This study showed that the change of use of the forest area to waste disposal site
affected its soil quality in the path of leachate and downstream lands. Therefore, to protect the areas of
Hyrcanian forests in the Saravan region and to prevent the reduction of soil quality in the region, taking the
necessary measures to separate the municipal solid waste from the origin, to establish leachate collection
systems and treatment of leachate before flowing in the forest areas should be carried out.

Keywords: Minimum data set, principal component analysis, soil quality index, enzymatic activity, soil
quality grade, metabolic quotient
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8 Scree Cattell test

o ol e 05 Sm 0355 (S (e fenn 6
S 03,5 5 S AN glin ( JT o 57 e gl
Y s e gl SrolSansl 53 (5513 san 5 sbay
Toasl 5 LB 56lud slags 3T s 5 dals oo
3 a8 6ols mmn s ban 0T Hsloms ooyl s
S S s 350 53 G ol s Lol s oS!
5 S 05 conlimal o6 s (K SICulds
(00 305 G ghear ol i b b g 5T Clled
olome St (55, s b () 0 LSan 5 K5
o L AT 55 Joadsss 6 e adl) abs e
oslaul |56 BT 5 s oS5y ol Ol e 45T Al s
AL el Sl ool e ) sbas @5 Joue S35 3
ol G s AT Ol sty b gy o g5 g5 ST
ST LUl s (¥9) T01ea 5 4 o yls Cillas
s o35 oLl sloms S5 53 s 5 (535 S0
Gl £l 15 e gL 5o SUE LY (6,60
Fosd el P 31y e s oy L L Sl
SIS T wss S5l 5 5 sbre 43 o o
Sl adlata ;s Csb e 5 Oy @Bl 881553 iles gl
m o ld O o WO 5 Ol 3 o
e S sl L sl s 8 e A5
~ el (Jops ol sl ol w5 Sl Lol
Shle ol o me ) dals oSl )s ombaw STl oS
S 53 s 9 (695 (2819 Ol s 0dilad 9 5,15 51 3
) b Joome 60 53 5 il dilats oeba
bafrw\QLﬁmdurL?d\ojf\fjséﬁj
S b s oSS ylin o JT S H e (S5
Aals ooyl Ly 03 Joe Soslame 53 G55 Jols
3 JS 055,58 Ol e Ot 2K 1 fae sl
b cé: Joe ssloee slad sas )5 eslinal LB aud

@L’.’J (\Q) | aJ}_f Jali 4_:}.4;.; )\ JJ‘._&:; LS)"Q;‘”

1- Nyika et al.
2- Liu et al.
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Table (1) Summary of feature measurement results and independent comparisons

A

-k ol e doe Ol Sl
dald °l§"~“‘i‘ J;-'L:‘ Sl ek als S al e u:i'L:‘ C’: dol ;}i}
The average of Scope of The average of ~ Theaverage of  The average of Unit Property
control station change downstream leachate route surrounding
farm disposal site
eslizal G
313+0.01 0.03-3.14 182+002*  115%012*  113+0.11*  mgkg™ e
Auvailable Zinc
oalial |
0.51+£0.01 0.02-1.65 0.32 £ 0.02* 0.48 £ 0.04* 0.15 £ 0.08* mg kg™ ) 2l B e
Available Copper
oslizul B aT
7.00+£0.21 0.36-90.96 12.44 + 0.22* 24.46 £ 3.99* 18.18 £+ 3.34* mg kg™ . Al BB o
Auvailable Iron
6.64 £ 0.04 5.80-7.37 6.59 £ 0.09 6.61 +0.56 6.55 + 0.27 - pH Slo
S|
0.14+0.01 0.12-0.48 0.26 + 0.04* 0.20 £ 0.06* 0.30 + 0.08* dsm™ _ S _ ‘_M
Electrical Conductivity
T
4.38+0.18 0.16-5.19 2.33+0.58* 243 +1.06* 3.50 + 1.29* % S
Organ Carbon
oslizl B ius
3.96 + 1.67 2.00-45.80 9.87 £0.67* 17.85+13.50*  23.66 £ 11.92* g 100g™ ) el BB A
Auvailable Phosphorus
26.67 £ 5.03 14.00-62.00 14,93 +0.81 30.59 £ 14.79 27.25+7.29 % Sand o
44.67 + 3.06 16.00-54.00 39.00 £ 4.00 34.53+11.84 33.77 £ 6.75 % Clay o
28.67 £2.31 14.00-57.30 46.07 + 4.08 34.88 +3.48 97.40 £ 6.54 % Silt S
0t o
0.20+0.01 0.07-0.45 0.12 £ 0.04* 0.22 +0.08* 0.30+0.11* % . S 0d
Total Nitrogen
S8 blos b
7.00 £ 59.01 6.85-8.23 6.78 £0.02 7.39+£0.35 7.40 £ 0.50 cmol “kg™  Cation Exchange
Capacity
na C kg™ @3S S
227.70 £4.45  132.80-274.30 166.30 + 12.70* 175.42 £22.20* 199.92 + 35.56* dgry soigl Microbial Biomass
Carbon
. T
0.39 £ 0.02 0.21-0.53 031+001*  031+004*  037+008c 900, e
dm 24h Basal Respiration
HGCO,- S ke s 55
1.70 £ 0.05 1.40-2.00 1.83+0.06 1.78+0.11 1.85+0.09 1M(I;r(rj]gday' Metabolic quotient
1
~1 T oyl C..Jlﬁﬁ
1922.60 £50.01 32.89-1989.00 610.78 +20.01* 276.71+15.20* 772.60 + 8.96* ne N £ e
dm2h Urease Activity
Mg b bles cld
74555 +19.77  25.03-789.46  302.91 +£20.20* 296.56 + 25.02* 305.56 + 44.77* nitrophenyl  Ajkaline
g'dmh™  ppogphatase Activity

,:)lx:f))\:@uQ)u:AthQ).\{Joli}jajbsfjsziﬂcksz)lb@mdmlwtwdbbbw *

* There are significant differences in points with stars at the level of 0.01 (p<0.01) and points without stars are not significantly different.
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Figure (2) Scree plot for the PCs
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Table (2) The results of principal component analysis (PCA) of the soil properties under study

add 3o add 4o Jsl
‘ - e psdadss s
= % PCA3  PCA2

kel cbaad 5
Principal components

PCA5  PCA4 PCAL
1.27 1.52 2.54 291 5.24 (Eigenvalue) o35 35,
8% 9% 15% 17% 32% (Percent of variance) Ll do,s

81% 73% 64% 49% 32%

(Eigenvectors) o5 5 sla s »

-0.120 0.130 -0.359  0.077 0.245
0.127 0548 -0.329 0.022 0.048
-0.063 0.015 0.184 0.329 -0.200
0.109 -0.325  -0.094  0.085 0.345
0.091 -0.245 0.055 0.359 0.278
0.020 -0.115 0.175 0.452 0.085
0.195 0.506 0.237  -0.070 0.121
0.043 -0.095 0.105 -0.051  0.395*
0.228 -0.099 0453 -0.110 -0.071
0.137 0.296 0.322 0.374 -0.005
0.527 -0.084  -0.422 0.089 0.024
-0.311  -0.245 0.020 0.480 -0.015
0.109 0.128 0.298  -0.169 0.313
-0.081  -0.023 0.018 0.020
0.031 0.016 0.067  -0.090 0.409
0.426 0.080 0.196  -0.325 0.045
0.510 0.202 -0.028  -0.066 0.242

0.413**

(Cumulative Percent) ress _uib,ls dwoys
(Properties) ts 55
(Available Zinc) = estizal L6 5,
(Available Copper) szl L6
(Available Iron) estizl LG a7
(Urease Activity) ;7. cJls
(Alkaline Phosphatase Activity) .us ;i cJle
(PH) b
(Electrical Conductivity) S <3 eslus
(Organic Carbon) J7 5
(Awvailable Phosphorus) esti. L& i
(Sand) .=
(Clay) -,
(Silt) <t
(Nitrogen) o3 x5
(Microbial Biomass Carbon) s S o355 oS
(Basal Respiration) ab s
(Metabolic Quotient) syl s
(Cation Exchange Capacity) s 15" Jsbs <o b

Sy slaesls BBlim Ol sear i ok odiS ot a0l 568 K shiel s a5 S a5 0 ot Olpea SO slisl %

LA ul;;h. C,M_LS“'“ »
* Bold numbers were considered as the most weight. ** Bold numbers underlined are selected as MDS.

o sime sl (FC JS8) 5,00 CukS e le slie
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SLaslas L (Fa JS2) bosls JS7 (6 m b Sl esl
315 OLES codds &1, (0) Jgd 3 a5 CutS (gluas s
)Dab}&w&d“@:@f” JWJJ‘ADQ}M‘\{
“’L’):fu—‘)b‘; Cd.:.é.;”l w%}JC)Béhaé}u\m
a3 55 (b JK8) G55 e S el (ol
)|||wy_<).sDa>}.k.>u4{LimAa35~L>uC_f-:i;
é_?.la}'u;)‘_,_;lv wM)JC}BLSLAaQJA_».A
5 (0) Jgdm p3las L (YC) 5 0 CuS o ls slae
Lol wals 0L 1y @S SHHT am ys claos gdoes aan 3

mosls Jola= 5 b 5l CwlS sla et ls Olunlow ]

MGl folgh 50 cuds” S asls dulie
A5 @5 ol oo
5535 ool (e LodS jastlh ol d e
Sl St e Slaesls S5 Alwgas 457 5 00
£33 oLl Sl i 1 s (gLl ad e
“ e 0L s el (V IS 53 A B, C (glaes soms)
JS) sl omamd CuikS gla e la ldde S das
3 (B) al,s S e 53 (Fh JSC2) S35 5 (YA
o3 gome 53 ba el oyl e b (C) Cans il £l
23lae 5 (p < 0.01) 5,5 g4ls ae S glss (D) dali
oSl p3lin U (A) s e & yslome s o Kibe
3y9m 55 Lol 3 OLES Ty (6,05 me U5 dald 03 5w
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CokS sla oL a8 ols QLA CodST 5 J e sl
5o Les (Ye 5 Y0 (cla JS2) (S35 5 e3lw rens
P <) s,ls gols sme Soslis dald 5 gdoes LA 03 guoes
Alen s 05 s SodST e Li 550 55 5 (0.01
L dali b (g,ls s Sooles clnosls JS7 (6 pw Slawloms
Claslas b coiS gla o la slie las 5105 Ol
sl a8l 0T 6L S (0) Jsd 55 oS x>
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IV oS 55 aesgdoes sl s T WS 53 A o3 g
B 5 Waesls Jolus (g 33,k 51 9 00 et la 55
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Table (3) Pearson’s correlation coefficients for the highly weighted variables

. . o . o—S .
S S S Sk Clay) 2 b (0C) T S sS0 S 1 la S59
(BR)«t (MBC) o35 (Silt (Pava) o s gEC) (pH) Properties
) o3Lizul b5 e
0.664*
0.090 0.229 0.722* 0.189 0.051 0.164 -0.044 - opper
* Available
- pH sl
0.091 0.191 0.463* 0.010 0.061 0.173 0.062 :
SO s
0.321 0.201 -0.120 § 0.081 0.169 Electrical
0.089 Conductivity
* T .
0'9,%2 0.926** 0.067 0.064 0.090 . o
Organic
o3lizal b i
0.070 -0.135 0.110 0.2'9 4 Available
Phosphorus
-0.029 0.002 -0.343 Clay )
0.083 -0.033 Silt Sl
0.946* vatad
* Microbial
Biomass

.M>@OU~3\) VR lecb,.ujé)‘éfﬂ < . e
**Shows a significant correlation at the probability level of 0.01.
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1- Ranjbar et al.

2- Moradi et al.

3- Nabiollahi et al.

4- Rasouli-Sadaghiani et al.
5- Davari et al.
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Table (4) Scoring functions and feature threshold limits

Syt E. .. —aals oYU U _ . .
e 2 -L;(;:} s 5 SHs s @ gy oot = € oV sl Tas sals) (gl S ? sl sataTis P30 " b e
References Weight ) TDS MDS ) ) e S (Upper b( . Lower Scorin ’ e
(Weight in (Optimum Point) PP IR (Lowe (Scoring (Unit) (Properties)
(in TDS MDS (Upper Threshold) (Lower Baseline) Threshold) Function)
) Baseline )
i S0 52505
. mgCkgt TR
) 0.09 0.32 85 57.5 30 M) dry soil  Microbial
Biomass Carbon
T
(40) 0.09 2.5 1.7 0.1 M (X) % . e
Organic Carbon
) 0.05 2 15 1.4 M (x) 1,\C/|'g% Metabolic
day™ Quotient
o3lizal b6 ,ind
(40) 0.04 0.15 30 15 5 M (x) makg'  Available
Phosphorous
(13) 0.09 03 0.25 0.2 M (X) % 5ol
Total Nitrogen
pgNg Tossl 5T ol
(34) 0.09 68.3 44.05 198 M (x) dm »
o 1 Urease Activity
Sblews ﬁ;T GO [PH
HY .
nitrophen e
(34) 0.05 450 250 50 M () ylg'dm  Alkaline
h™ Phosphatase
Activity
Jols b
o
(34) 0.03 15 75 50.0 M (x) cmol “kg S5
Cation Exchange
Capacity
mg CO, g’ aly s
) 0.09 1 0.7 0.4 M (X) .
fdm24hT gag Respiration
. S|
®) 0.03 0.09 4 5 6 L (x) ds m* e

Electrical

e (s (e o) oFC09) Lr 447 AR gy



(©)

(©)

(©)
(34 ,54)

(40)

(40)

(40)

0.05
0.05
0.05
0.05

0.09

0.03

0.05

0.15

0.17

0.09

25
30
45
7.2

45
50
60
7.5

60
60
90

3.0

32

15
25
30
55

25

17

15
25

15

2

R (x)
R ()
R (x)
R ()

M (x)

M (x)

M (x)

%
%
%
mg kg™
mg kg™

mg kg™

Conductivity
Clay o
Sand o
Silt L.

pH Slo
aJu:.w‘J{G ‘53)

Available Zinc
ebl.é.”.w‘J.:B d,...a

Available Copper
o:u:..,u;‘lé &AT

Available Iron

)bf%md9;:,..,«\~/bLs\jgh:eJJGUQTqufwlsj;uwbw%bb@ﬁlﬂ.bC9;;..»\&,3‘,3@;@,05cﬁoT;lM,:;LSAJAS&YQQJL;»TJ’bEg:,..nl,é_.;ﬁlﬁga;aficUQlej:Sﬁaﬁajafgﬁli5\3L"..~T.,\>a

T T O T A LT
.%ub@:oﬂcb Ew\fﬁjﬂf@:oﬂcb Ew‘f@%)‘“‘:‘i@“ﬂ@b Ew\gﬁiﬂlﬁ@:oﬁcbgl

“The lower threshold, which the scoring function is equal to zero; "The high threshold, which the scoring function is equal to one; “The lower Baseline is the same values, which the scoring function is 0.5;

(£Y 9 YA £0) Cuin” Srax> 50 9 Cuis” Sla s li polie (0) Jous

Table (5) Values of quality indicators and quality grades (28, 34 and 35)

(TDS) woals 5 s

(MDS) wools flos (5w

o500 LehS el 2

LS esls CiS esls CiS esls o CatS el (NQI) LS el e
(1QIW) 555 mezs (NQI) 5,55 (1QIW) 555 mezs (1Qlsa) o3l QW) 455 = Quality
Grade
1>1QIlsx>0.80 NQI >0.55 1Q1,>0.76 1QIsx>0.71 NQI >0.80 1Ql,,>0.78 |
0.79 >1QIs4>0.60  0.55>NQI>0.45 0.76 > 1Q1,>0.66 0.71 >1Qlsx>0.61 0.80>NQI>0.70 0.78 >1QI,>0.68 1
0.59 >1QI154>0.35 0.45>NQI>0.35 0.66 >1Q1,>0.56  0.61 >IQlsx>0.51 0.70>NQI>0.60 0.68>1Ql,>0.58 11
0.34 >1QI15,>0.20 NQI <0.35 101,<0.56 0.51 >1QIs,>0.41 NQI <0.60 101,<0.58 1V

%The optimal point, which the scoring function is one; °The scoring function for more is better; The scoring function for law is better; “The scoring function for optimum scope.
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Figure (3) The mean values of quality indicators (IQls: a; 1Ql,: b; Nemero: ¢) using the total data
set and average quality indicators (IQlg: d; 1Ql,: e; Nemero: f), using the minimum data set.
Different letters indicate a difference of 1% (p < 0.01). Symbols I, 11, 111, IV indicate the degree of
soil quality. “E” is the average value of the quality index in the area exposed to the activity of the
dumpsite (A + B + C).
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