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Abstract

Industrial pollution has now become a hot issue affecting human health, social progress and sus-
tainable development, and has attracted great attention worldwide. This paper analyzes industrial
waste gas, wastewater, solid waste, dust and sulfur dioxide data in Heilongjiang Province from
2001 to 2016 from both time and space perspectives, and finds that: from the time perspective,
industrial wastewater and dust emissions in Heilongjiang Province have decreased significantly in
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the past 15 years, however, industrial waste gas, solid waste and sulfur dioxide show an increasing
trend, among which economically developed cities have a good effect on However, industrial waste
gas, solid waste and sulfur dioxide show an increasing trend, among which economically devel-
oped cities have a good effect on wastewater and dust management, while developing cities have
an increasing trend in emissions of the five major pollutants, which still need more supervision;
from a spatial perspective, the center of gravity of urban industrial pollution in Heilongjiang Prov-
ince has always been in the southwestern part of the province, with no significant migration changes
within ten years. Therefore, industries in economically developed cities in the southwest of Hei-
longjiang Province should be focused on supervision and regular monitoring, and new technolo-
gies should be introduced in economically developing areas to promote green and clean produc-
tion.
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1. B

IEAESR, B OB TESR T Tolkys g i) @ EIF R 7 R E M2 AT, 1E Tolkis g RIS T
—SEMIRR . Selden 5 71 4 1 35 [ 25 A5 VE S (CAA) [ 1178 HAMH AR BON A /R R . G2
P (R o A R AR Y S5 T3, R FL R (B 285 AN K DA F 3k T Tk 46 SRR Y H il i) 2% (R RRAE 22 A TE
KR, EREY: TIWERSHRHAE O A . . #HEZEREK. EREBIRIAE I
X TR KE Tk SO, HEf & & 4 H L E A A, JUH L SO, 5 Jxt A S B e iz #ii K. =
T[40 F 25 104 BSORE B8 000 P 25 5 YRt 7 K = A b X 32 B by e W HE TSORE 5o AR 58 85 ) s 2548 SR
B, T ER[5]55E A T2 R —— 5 Y R s KA Y, o B K = A X Tl 28 B At
55 FAR B & R R AR . £ A6 AR 7 Tk e Btk 1 N 2009 452 IS T+
e BT AR 3 . D7 R I T A A3 R, Tolkis Je Sk 2 UUE U 8, Surgie Tilkis
G PR A i AR B A8 )5 N R I rh [ %48 SN 2 BRI ) (b R ASCHETBORE £ S5 35 11 72 [) | AH AN
2 [ HE SR AR JE AL [O1 A I Tlbit 32 Tl b 1 K05 Yo e 5 s HE A, R A B i i B L 28 5% JE b [X 3
15 GLUREE R BRAL 15 B DA 2 18] B SR USSR 10132 AR 2R W 225 8] 280808 43 B 77 100 3 by %
23 () A AT AE HEAT I A, SR B 3 Tolkys Y REUARILEE . PURGHRA0 Tolkis Yem (AR B X LA K& G &6
R R IX . FBE 1115 AR 2003~2015 4ETAVEKM T SO, FEEf A FRIT U A3 Hig
YLt v R Fe B el B KSR P 2R ) Rk . 2R 25 E[1215 ARIL 2013~2017 EKIT L5 1) T
A SO, TV EE/K S Tl Ak A HE S R BRSSOk TR, RHEROR T £ .

MH BRI FRBCR T CAE N AR e 30 T Tl s Yt 98 7 T B TR 22 SR, 1 by % v
HORMET S & T o, AT ERM TR R R B bR, e Tolkis G BUafEERE, BIL4S Tlkis
PO B ETRE, HEH BB RVRGAEAR L, DA W72 A 1] (R R 7850 25 18] 0 53 A 28 L o
JETFIFE B A — A Tl i5 G bn LA 72, s> Tlbys G H 28 0 A 43 LSS Tl [l 4 R 4T 52 /D>
R, AR SCKE ALK BERYEAE Tlkys Yt 25 AL RFAE AN 85 Tolbys Y R 3R A 45 & AT 256 o M iE 72

ik
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2. YRKIFESHARSE
2.1. #IEKIE

AR Arcgis FAFF BIBTTA 12 N 1 ANHLIX 2002~2016 FE18] 5 Fh Tk i5 G 2= A8 4 it
TGt oy i TESRICEE b, AHSCAOIR T Tollkys o8l EZM (BIRITE SIS [1313/4%, HAAHEK
B 3 AR T A o X K0l 3R A
2.2. BESHHEE

AT BB IRTT AR ST T i5 Geih 25 AR AU RFAE , A5 Bl Hh B 2225 18] 9 A7 5 3%, @ 3d R H EXCEL. Arcgis
SRR I A SRR AT AR, IR AR S B R B AT O AT A 4518 . 8T A B A S Sk, —
FT, BRI IR Tk YR 26, 5 4e 72 A4k J5 3 DA K i) 2= AR AV AE BF 92 45 BT 7 35 7 ThD JEA T AR N AT
TR EASCHE e B, M@ RAL, 5 —J7 T, 2] A % Rl A X B )Y S G DR K 2 B8
(I Hrit 5590, R Arcgis10.6 X 38,115 Tl i5 Gkt Ab 343 My -6 V6 25 8] R B KAt 42 BB ey 4 38 T
NAEE J5EN Tk A
3. BRTEET T i5im ST AFE S
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Figure 1. Time change sequence diagram of industrial exhaust emissions in each region

B 1. &RE Tl ESHR R A S

BT R A R ORVT AR % DX T R S S B T ARk . PG RIETT 2001~2005 4F 2 S E AL
TROERA, 2008 FHEBEME N, FHKE 2.4%; FrR/RTTRHESE B, KRN 4.6%;
XS P T S HEBEAE 2001~2005 4. 2008~2010 FE[AIFEAFRE, 2006 FIRIGAEIE(E, 2006 45 F4FAH
FEIK T 278.8%, MK EN 3.9%; # K T AEIHIKE 7.8%; WIS ILTHT 2001~2007 FHEAFE, 2008
EHEBCEIRIE, 2009, 2010 FRFEEH NN A HRE R E, 2009 BEEHE 311.8%, FIYIGKE
35.8%; KK LI ETHEaS, FEHMKER 5.0%; FHEETAINL 2204 X 5 HoAb A L HE R
%, FHEEDHN 9.6% 6.1%; FEARETTFR 2007 FHERE BG4 SR FRE, FIIBEKE 2.1%;
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BT 2007~2010 FIGHRII L, FAREMR AN, FEIEKER 13.1%;: HFHLTT 2007~2010 A1
FCREHT NERUE R, FHHEKR 7.9%. B2, 2001~2010 F XK DI ESHBUS B A 12012.6
ACHFILTTR, WEIRIETTIRZ 10292.4 ACFRILTTHK,  XURG LT 4728 Ao s 5 B 302 388 A v T 08 311.8% FHLAF:
KA 2 i KN 35.8%.

3.1.2. EXig Tl B S =G ELFFHESTHr

M 1 AT DU SRR AR 8% DX Tl R S B R A R RO ER T, B, 224k, K%
LIWHERR D, 2009, 2010 4200 1L T A 25 2 TS HBR T, MR SR, HIRITA % XIS Tl
RS BT .

Table 1. Total industrial waste gas emissions from each region (unit: 1 x 10% m?)

1 BRXETWESHBEEER: ZARIFHXR)

25 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

G IR 956 942.4 959 965 951 1062 873 1218 1185 1181
FFHMIK 626 626.7 649 638 750 785 760 846 932 940
LTI 274 225.5 225 237 250 947 583 358 350 386
1 173 174.0 169 206 205 205 328 315 322 339
UG Ly 175 166.4 162 175 233 226 271 670 2759 2748
PN 965 938.6 1097 1238 1246 1246 1235 1277 1267 1503
G 142 146.0 140 143 268 170 196 339 300 323
FEA M 355 381.6 453 379 387 416 1502 379 418 429
=20 264 263.0 141 221 259 289 441 580 732 800
HEFHT 429 490.2 574 494 437 361 726 930 597 852
L) 85 80.9 84 83 85 111 136 149 277 287
21k, 55 56.0 57 59 58 63 96 160 256 168
KMy 38 36.5 32 39 45 51 46 62 66 65

3.2. BRITIE T EKSRANSTHIHES T
3.2.1. &XiE Tl KIS EHE S 47

ML 2 A m BT A & DX T B K U B I (] AR A . i RV T B B R A, R TR
K 6.6%; T MIRTTTE 2001~2004 A1 2007~2009 4F 2 R Ekass, H 2004 FFEMER K 44.7%, F3
TFER 7.6%;: TGRSR FTHE, FEHMKR 14.7%; SR8 A S TRES, TRIEE/D, £
TREER 3.6%; AHG1LTT 2009~2010 FFHGKMEEECRN 311.6%, FIPMEKE 22.3%; KR AL THE
WK, FHIEKERN 2.7%; FET RMNRIRX . B 2R BB B T RERK KD,
SN 7.6% 1.6% 1.5%; ZATTEEAR R ETHES, b 2008 F L KHBCRSIGIREOR, BAT— M
BN 193.8%, FIEK IR 4.4%; LEFTH 2001~2004 FIAFEE, 2005 Fl 2006 BB K, HWEKEHN
101.2%, FIIEK A 5.8%; AN T8 A 2 R EES, Hrh 2003, 2004 FHEEAZ K, HEKFIX 30.5%,
FE T EE 7%: 4EPHITT 2001~2006 45 ETHES, FEIHKE 14.8%, 2007 ERKHATCEERR, 5
2006 FAHEL T FE 73.9%, 2006~2010 FHEMEIEATRE, SRFERIEN 6.9%. &2, 2001~2010 F [k
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Figure 2. Time sequence of the variation of industrial wastewater discharge in each region

2. BTl Bk HER B A 2 U]

3.2.2. HXIE T EKEEE LTS
T 2 AT LA H, ORI AR 5 b X Tl B K H e B A R ER T RIS S5 IA R T, SR XU

1 I HE TR 5 o SE VT8 TR K HE O AE 2001~2010 4F (8] K 343 X 356 AR [F) F2 B ek 2>, i R Bk

XS LG S ISP AT, oo L K HEECR PRI, XSPEiRE, SR

Table 2. Industrial wastewater discharge in each region (unit: 10 kt)

2. BEXEITWEKHREGTE8M: )

e 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
MREE 6059 6127 5780 5356 4851 3980 3356 3620 3539 3283
FFRMIK 12,414 11396 10412 5762 6062 6563 8661 7099 4968 6090
A7 889 886 888 867 1103 1540 1654 1559 1239 3057
(TR 3416 3500 3300 3313 3220 2353 3485 2805 2790 2705
UG 586 560 585 479 479 617 616 930 874 3597
KBR 6928 7375 7312 7799 8003 8623 8373 8944 8597 8788
G 1652 1388 1271 1309 1704 1665 1728 1546 1130 813
AN 6067 5926 7734 7506 5188 3960 3511 3361 3276 3185
=] 847 840 836 884 1779 1733 873 1295 1698 1408
BT 5309 5644 7725 7939 9234 10,604 2763 2847 2778 2793
L) 664 548 663 598 232 126 191 187 161 161
21k, 794 823 825 797 732 762 818 2403 1065 1173
KNzl 2838 1879 1859 1804 1831 216 303 593 670 599
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3.3. BAETE T EREM SR =T EFE ST

3.3.1. & X3 Tl [E] 4 FE Yne 18] AL AFAE 53 4

ML 3 ] DUE BV AE 1 X b [ A PR HE T B AT TR AR A o BRI VA8 % DX ek oMb ] 4
Yire e s RIS, B BTSRRI 6.4%. 0.65%. 11.8%- 0.61%. 20.4%. 7.3%-
7.8%. 4.1%- 6.5% 6.0% 13.7%- 5.2%. 7.5%. XS 2009 4E [ K 54.8%, XL 2007 F[H
ELHE K 107.3%. 2, 2001~2010 4= (8] M JRVE T Tk [ A R A i B e 2 8 10,774 J5, 3P TT IR 2
5338 J3E, XU L T )R A i PR e B 3 i Ak 107.3% HLAR S K FaR KON 20.4%
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Figure 3. A sequence of time change of industrial solid waste discharge in each region

3. BTl B A B 4 HE R E B B B AL A 51

3.3.2. & [Xig Tl [El A B 2= 8] ZEALHHIE 2

M 3 AT DA HY R A DX b [ A PR i B R A G R T, R e TR, 22k
HESCER 2L 2009~2010 4 A1 74 17 (8] 2 A W R 3G e VBRI SE, SR JETEAR 4% DX Tl [ P
BIAFrEm, HERZ IR,

Table 3. Solid waste production volume (unit: 10 kt)

F 3. BREMSEEGTERM: M)

25 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

BRI 825 858 919 972 946 1238 1093 1150 1330 1443
FFFFIGIR 285 310 266 245 270 340 352 392 345 302
LT 345 330 343 352 355 563 551 610 944 945
1 356 341 322 311 305 301 334 340 368 376
RGN 110 149 199 209 215 206 427 542 578 587
NN 166 170 171 188 188 222 258 255 312 313
LEiE =S 118 126 113 145 139 152 190 149 190 232
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Continued

AR 93 95 136 134 120 134 117 132 146 134
=20 329 328 335 356 380 436 448 517 625 582
HFHT 158 174 176 143 175 184 213 229 224 266
e | 27 26 26 25 25 37 48 42 84 86
24k, 40 21 21 22 25 38 33 42 58 63
ML 12 12 9 12 13 14 14 18 18 23

3.4. BATE TR LSRN SFHES T
3.4.1. FXig Tl () LB T L4FE S 47

ML 4 Apa] DU H BT AR 25 b X TR (OB 2R HERSCS B[R] AB Y . PRV T 555 IR /R T 875
T BT KPRT « BT PR T o 2 R a3, A1 T BEER A1 50N 9.6%- 8.7%- 2.6%- 3.3%-
1.8% 10%- 0.3%; ML &M, CEmH. B, @4, KM QIRIX S 2 s, F
B R R ITHIN 3.5% 0.31% 6.5% 6% 44.4%. 6.9%. M/RIETT 2010 4E[F LR % 48.5%, 5555 /R
117 2008 = [F] LE T P 36.9%. HA 1T 2009 [F]EL T BE 48.5%, 224kl 2010 [F] L3N 354.3%. #5520
AR X AR N . B2, 2001~2010 4R B G 2R T Tl ) A HE U & 5 22 0 852,517 Wi, 4t
FHLW IR 2 593,828 Wi, 224k T 728 (bR 5 B V2 38 T8 A = T Ik 354.3% HAF I KRB N 44.4%, £
KT T R E RN 10%.

3.4.2. XTI E) 222 8 EAFE S

M 4 AT LR B RTT A 5% X TRy (IR A He s B4R e
S SRR, T 2001~2010 SE[EIIS/RVE . HPHL. 55500 00 R HEBCE A AN R AR B
A, RN B, 2Rk HIA I KR 3
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Figure 4. Time sequence of variation of industrial powder (smoke) dust emissions in each region
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Table 4. Powder (smoke) dust emission (unit: t)

4. MUBZHMECGTERAL: M)

el

A frr iz
RN

HEPHT.
Rt
a1k

PR

2001
87,519
68,771
31,449
24,863
19,171
36,908
32,322
48,293
16,202
33,144

4104

3447

4822

2002
85,209
67,977
30,603
24,850
16,145
35,857
31,308
46,278
17,103
49,710

3577

2513

4405

2003
90,275
61,336
31,900
25,262
24,834
43,524
30,516
67,309
20,230
63,883

4112

8246

4473

2004
95,043
62,856
31,612
25,361
23,869
45,500
33,920
67,787
27,636
67,894

4167

3059

5669

2005
103,906
65,912
34,984
24,983
32,470
45,860
34,971
67,592
34,948
67,672

4377

4056

6617

2006
101,743
65,999
34,859
24,882
32,813
43,835
35,668
70,994
33,064
69,478

4581

5278

6995

2007
94,456
66,778
33,574
24,480
34,889
37,398
36,592
63,826
32,646
73,286
4633
3002

7162

2008
90,463
42,164
30,784
23,250
31,406
36,275
28,016
59,435
28,641
68,221

6120

3567

10599

2009
68,594
28,698
23,726
18,691
29,770
32,074
38,783
30,601
28,644
68,302

6473

6892

9931

2010
35,309
30,298
24,863
18,307
26,331
31,417
33,223
18,757
28,513
32,238

6936
31,310

8827

3.5. BRTET - SHTRSRA S TFHES T
3.5.1. & Xig Tl — SFALTREE 2 LAFHE S

ML S A mr T BT A & Xk Tl — A B HE AU B I ()8 . BT & Xk Tl — S A i HE
R R, A BAEIBKRKION 7.1%. 2.7% 9.5% 14.7%- 13.5%- 5.9%- 3.4%-
9.3%-+ 9.3%- 7.5%+ 9.2%. 12.2%. 4.1%. FE/REET 2005 £5 MM 39.1%, FF550G/KT 2003
SER LI 34.1%, RSP 2005 4 [ ELH AN 100.8%, #9idH 2005 A ELIE N 173.6%, A1 2005
EI T 2005 4
[N 110.5%, HFHT T 2003 4E[F ELG N 37.5%, SB[ T7 2005 4E[F ELI 0 81.0%, 22461 2005 4 [H
LG 128.9%.

BZ5,2001~2010 8] AP Lok AR HEBUR B 5 % 533,562 i, 7554 /R T Tk 2 481,401 i,
85 1l I P72 A 8 A P S 38 T e 1 T IA 173.6% HAE KR B RN 14.7%. S ULIRIRE, A4 s 7 b
P 2005 4F B AeTTAR - X3 b — A B H e i A W8 BT 0

FE LB N 147.4%, KRERTT 2003 S [F ELIE N 46.6% AT 17 2005 5 [F EL 40 69.5%,

3.5.2. EREG T S H=ETEFES
MFE 5 AT UE BBV A X Tl — AR AR A KR SRR R IR /RT

W HE R D . IWIER LSS, RBIETLAE & X I Tk — Skt A P n, 38 & 2 1o R

N

AR — 5, X SR AR EOE KR YTE

Firy

IS

%, KM%
, 2005 4E
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Figure 5. A sequence of time variation of industrial sulfur dioxide emissions in each region

B 5. SRS - SHmHERE L FTIE

Table 5. Sulphur dioxide emissions (unit: t)

F 5 “HUWRAMECTESRM.: M)

el 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
MEJRIE 29,197 29,315 39,339 43364 60,319 60,751 58,232 54,022 51,879 53,941
FHIE/R 36,790 36,680 49,187 49822 50,576 51,836 52,934 58,091 48,755 46,730
FEYiiT 8734 8448 11,369 11,308 22,712 23,075 21,933 21,900 20,600 19,762
5 d 9500 9599 11,021 11,484 31423 31373 34331 36,766 36,277 32,703
WG 11,465 9116 15344 15,191 37,590 38,767 42264 47,382 41483 35957
KK 36216 34,930 51,200 50,024 61,097 61,594 60916 57,254 59,814 60,517
R 7816 7709 8184 9165 9757 11,277 12,072 9716 10,086 10,515
AW 16,763 15,043 23,423 23,524 39,868 40,741 35,187 33,068 33,770 37,268
GBI 15,085 11,352 14,390 16,454 34,638 34,834 33974 33,544 29,858 33,657
HPHLT 22,201 23,711 32,602 38,398 44202 44,823 44749 41,961 40,597 42,691
L) 7550 6962 8289 8353 15116 16461 19,172 20,836 20211 16,626
ok 4668 3826 6562 4614 10,562 10,490 10,086 11,983 12,002 13,118

My 3007 2156 3357 3065 3367 3819 4667 5242 4321 4331

4. i 5EN
ARSI I
HELUR458: 1)

AN

RN

JeVTAE TR TR AR k(i) 2R
LA T 5 3 EEAE PRI RV . RIR, R /RELPE R IETT, XL it T
WA AR B RHCE Y 2 KE S, AR TR ATE

o Y

CRMBRHE B 2 AR M, 15

32 TARGFHIA R, HORE®
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KU TR 2) BRI & DR TV R B —E B AR  Eni& s, s L Tolk R
R BRRYIE KR, 85 Tl AR HPOE KR R m . 3) BBTTE & XKML Ry (i) Ak
A A . HESCE PR X I E B R AT AR IX, AR /RVE . SE5EIR K HESCE N X 3 B A
FEZETE SR IX, QOO il | 224k, e rboug L Tl B K B R 38, S A Tk ) AR HE R I K i % .

PR, 3T DL BRI A Ty s Gebiun 2= A RF AR I 204, R BUR I IR REDRAE. B
REVRBARWE A I RS QB SCF, HESDIEE L™, I Tis gy, WRREAFF R EER[14], KB
Ko HER TAVALEE T R[15], RITRIES =77k, (R8T Re st a5 K e, DAHES 1EN 9
i BE Rl B T B, A RO DAL is b, b Tobig e BURFRIINSR XA &1, KIS A& 1X
SRIEAOR G AR, SIS DX SR R UM A RT3 S Ji o I KOR 22 B AR T IR K < B () 2B HE U iR B
55 G R ARl B T RS AR BB AIHER, (97 1k 3 R B SCR

SE
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